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Finger in Defective 


ARTHUR L. BENTON, Ph.D., lowa City 


While right-left disorientation and _ finger 
agnosia in adult patients have been described 
in numerous case reports since the publica- 
tion of the original descriptions of these 
perceptual deficits by Obersteiner and by 
Gerstmann, there have been relatively few 
their occurrence in 
1938 Strauss 


observations made on 


children. In and Werner,’ 
utilizing a test battery which assessed both 
finger localization and right-left discrimina- 
tion, reported a relationship between arithme- 
tic achievement and performance on_ this 
test battery in a group of subnormal, brain- 
injured boys. This conclusion seemed to be 
in accord (or, at least, not in variance) 
with expectations, in view of the frequent 
concomitance of impairment in these abilities 
in the Gerstmann syndrome. However, Ben- 
ton, Hutcheon, and Seymour,’? reexamining 
the question, were unable to confirm the 
contention of a specific association between 
these somatoperceptual skills and arithmetic 
achievement. Moreover, an analysis of the 
Strauss-Werner data indicated that no strong 
evidence for the association was actually 
secured in the original study. 

The study by Benton, Hutcheon, and Sey- 


mour did yield certain suggestive findings 

Received for publication June 13, 1955. 

From the Department of Psychology, State Uni- 
versity of Iowa, and the Woodward State Hospital, 
Woodward, Iowa 


when normal children and _ institutionalized 
mental defectives of roughly similar mental 
the 


formances of the normal children as a stand- 


age were compared. Utilizing per- 
ard, a relatively small, but clinically signifi- 
cant, proportion of defective children made 
grossly defective performances—on a level 
which could reasonably be designated as 
being “pathologically poor.”” Another finding 
of some theoretical interest was that finger- 
localization right-left discrimination 
showed a small, but statistically significant. 
degree of association with each other, thus 
suggesting that perhaps there is a_ basic 
common factor in at least these two elements 
of the Gerstmann syndrome, as has been 
asserted by some writers.* 

However, this study was of a preliminary 
character, and the findings could be regarded 
only as extremely tentative. The number of 
cases involved was small; the normal and 
pathological groups were not precisely 
matched with respect to mental age level, and 
no attention was paid to the specific category 
the 


patient, the assumption being made that, by 


of mental deficiency represented by 
definition, mental deficiency implied brain 
injury. It was evident that a first step in 
the confirmation of these preliminary results 
the 


standards of performance 


would be establishment of adequate 


for normal chil- 


dren of different mental age levels, with 


brain-injured 


which the performances of 


* References 3 and 4 
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‘hildren of the same mental age levels could 
be compared. Accordingly, normative investi- 
gations, the findings of which have been 
published,? were carried out. With the stand- 
ards provided by these normative investiga- 
tions as a basis for comparison, a study of 
the performances of brain-injured children 
was done, the results of which are here 
reported. 


METHOD AND MATERIAL 


Subjects —The main group of subjects consisted 
f 35 patients at the Woodward State Hospital in 
the diagnostic classification of “mental deficiency— 
brain injury” (trauma, infection, neoplasm). The 
range of ages was 11-22 years, the mean age being 
15.3 years. The range of mental ages was 6-9 years, 
the mean mental age being 7.6 years. The range of 
intelligence quotients (Stanford-Binet or Wechsler- 
Bellevue) was 40-75, the mean intelligence quotient 
being 53.9. There were 11 male and 24 femal: 
subjects in the group. 

A second group of subjects consisted of 35 pa 
tients in the diagnostic classification of “mental 
leficiency—familial.””’ The range of ages was 9-22 
years, the mean age being 16.9 years. The range of 
mental ages was 6-9 years, the mean mental age 
being 7.4 years. The range of intelligence quotients 
was 40-65, the mean intelligence quotient being 
52.5. There were 12 male and 23 female subjects 
in the group. 

A third group of subjects consisted of 40 patients 
in the diagnostic classification of “mental deficiency 

undifferentiated,” i. e., of unknown etiology. The 
range of ages was 10-22 years, the mean age 
being 16.7 years. The range of mental ages was 
6-9 years, the mean mental age being 7.1 years 
Che range of intelligence quotients was 40-68, the 
mean intelligence quotient being 50.4. There were 
17 male and 23 female subjects in the group 

When the three groups were combined into a 
single group, of 110 cases (as was justifiable in 
view of their similarity in personal characteristics 
and, as will be seen, their similarity with respect 
to performance), the characteristics of the total 
group were as follows: mean age, 16.3 years; meal 


mental age, 7.4 years; mean intelligence quotient, 


Test Batteries —The right-left discrimination test 
battery utilized in the investigation consisted oi 
20 items, as follows: 
[tem Task 
1-6: With his eyes open, patient points to parts 
of his body named by examiner (e. g., right 
eye, left hand, right ear). 
+ References 5 and 6. 
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7-10: Patient points to body parts in front-view 
representation of a boy (e. g., boy’s right 
hand, boy’s left eye). 

11-14: With his eyes open, patient executes 
“crossed commands” with reference to his 
own body (e. g., right hand on left eye, left 
hand on right eye). 

15-18: With his eyes closed, patient points to parts 
of his body named by examiner. 

19-20: With his eyes closed, patient executes 
“crossed commands” with reference to his 
own body. 

Score on the test was defined as the number of 
consistent discriminations, regardless of the cor 
rectness of the responses with respect to the verbal 
symbols “right” and “left” (i. e., if a patient con- 
sistently showed the left body part when asked to 
show the right, and vice versa, he would make 
a perfect score). This type of scoring was adopted 
because some patients showed evidence of con- 
siderable somatospatial discriminative ability, with, 
however, complete reversal with respect to th 
symbols “right” and “left.” Since we were interested 
in the discriminative ability per se rather than in 
the appreciation of conventional verbal symbols, 
this “discrimination-consistency” score seemed 
superior, on logical grounds, to a score which took 
account of the absolute correctness of the single 
responses. In the majority of cases (80%), the two 
scores proved to be the same. 

The finger-localization test battery consisted of 
50 items, as follows: 

Item Task 

1-20: With his hand visible to him, the patient 
names (or points to) single fingers which 
have been tactually stimulated with the end 
of a pencil in predetermined random order ; 
10 trials each hand. 

21-40: With his hand hidden from his view, the 
patient names (or points to) single fingers 
which have been tactually stimulated; 1( 
trials each hand. 

41-50: With his hand hidden from his view, the 
patient names (or points to) pairs of fingers 
which have been subjected to simultaneous 
tactual stimulation; 5 trials each hand 

In order to eliminate the necessity for (but not 
the possibility of) verbal responses on the part ot 
the patient, a model of the right or left hand, with 
the thumb and fingers numbered from 1 to 5, was 
placed before him. He was then told that he could 
identify the stimulated finger (or fingers) by nam 
ing it (“thumb,” “little finger,” etc.), by indicating 
its number on the model, or simply by pointing t 
it on the model 

The patient placed his hand on the table, palm 


up with the fingers extended and slightly spread 


|__| 


RIGHT-LEFT DISCRIMINATION AND 


Taste 1.—Critical Scores on Right-Left Discrimi- 


nation and Finger Localisation Tests 


Score 
Right-Left 
Menta! Dis Finger 
Age, crimina Localiza- 
Yr tion tion 
6 2? 
45) 
= 14 33 
1D 36 


In finger localization without the aid of vision, a 
wooden box, from which the front and back sides 
had been removed and to the front side of which 
had attached, The 


patient inserted his hand behind the curtain of the 


a curtain been was utilized. 
front side while the experimenter stimulated individ- 
ual fingers through the open back side.t 

Scoring was on an “all-or-none” basis, a credit 
of one point being given for each correct indentifi- 
cation. On the 10 


stimulation of two fingers, both fingers had to be 


trials involving simultaneous 


identified correctly in order for the response to 
be counted as correct. 
Normative Standards.—Critical scores, derived 


from the findings of the normative investigations,§ 
served as a standard against which the performances 
of the patients were compared. These critical scores 


represent performance levels which are reached 


or exceeded by at least 95% of normal children oi 


the respective mental ages. Therefore, a 


per 
formance level below that indicated by the appro 


priate critical score was interpreted as being 


tSee Benton ® for a graphic illustration of the 
arrangement for finger localization without the aid 
of vision 


§$ References 5 and 6 


2.—Right-Left Discrimination Scores 
Mental Age 
Category of Mental 

Defect GY? 7 Yr 8 Yr 9 Yr 

Mean 12.33 13.67 14.89 16.63 

‘Brain Injury s.D 1.92 48 3.54 2.72 
N 15 9 

Mean 12.82 14.14 14.13 15.67 

‘Familial Ss. D 3.00 2.15 2.29 
N 11 7 8 ) 

Mean 13.24 14.00 14.67 16.57 

‘Undifferentiated’ S.D 3.26 3.82 3.28 3.07 
N 17 7 9 7 

Mean 13.00 13.86 14.58 16.25 

All defectives S.D 3.17 2.95 3.21 
N 31 4!) 6 4 

{ Mean 13.08 16.24 17.29 18.31 

Normative sample {| S. D 3.09 2.81 1.99 1.82 
N 40) 41 38 39 


FINGER LOCALIZATION 
pathologically defective. These critical scores are 
presented in Table 1 
RESULTS 


Group DIFFERENCES IN PERFORMANCE 


The mean scores of the three groups of 
patients on the right-left discrimination test 
are shown in Table 2. It will be seen that 
at each mental age level the differences in 
mean score are minimal and the direction 
of the differences is not consistent from one 
mental age level to another. The scores for 
the three clinical subgroups were therefore 
combined, and means for the total defective 


TABLE 3.—Finger Localisation Scores 
Mental Age 
Category of Mental 
Deficiency 6 Yr. 7 Y1 8 Yr. 9Yr 
{ Mean 25.00 30.13 38.33 40.38 
“Brain Injury” S.D 9.27 6.06 7.50 4.69 
N 3 15 9 8 
{ Mean 9 82 31.43 33.12 7.89 
Familial’ 8. D 8.16 8.80 8.90 4.77 
N 11 7 8 9 
{ Mean 6.71 32.43 86.89 40.71 
‘Undifferentiated’ S.D 7.87 8.09 2.88 2.81 
N 17 7 9 7 
{ Mean 7.65 31.00 36.23 39.54 
All defectives S.D 8.29 7.38 6.97 4.45 
N 31 29 
{ Mean 34.88 40.10 42.61 44.61 
Normative sample s.D 5.84 5.36 4.08 3.67 
40) 41 38 


group for each mental age level were com- 
puted. These mean scores are also presented 


in Table 2. In addition, for comparative 


purposes, the mean scores of the normal 
children in our earlier study * are included 
in the Table. 


It will be noted that at each mental age 
level the mean score of the defective group 
the 
difference in 


is inferior to that of matched 
The the 
is minimal at the 6-year mental age level. 
the three 
levels the differences are of more impressive 


normal 


group. mean scores 


However, at other mental 


age 
magnitude and are statistically significant, 
as estimated by the f-test. 

Similarly, the mean scores of the three 
groups of patients on the finger localization 


test shown in Table 3. At 


are any given 
mental age level the differences in score 
585 
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among the diagnostic subgroups are small 
and to direction 


of difference. The scores for the total defec- 


inconsistent with respect 
tive group and for the normative group of 


Table 3. 


sistent difference in the mean scores of the 


children ° are also shown in \ con- 
defective and normal groups is evident. At 
each the 
statistically significant, as estimated by the 
t-test. 


mental level difference is 


age 


INCIDENCE OF DEFECTIVE PERFORMANCE 


Since clinical interest is centered on the 
performances of individuals rather than on 
Statistically group differences, 
an analysis of the proportions of patients 


determined 


in each group who showed defective per- 
formance was made. 
Right-Left Discrimination. 
(“Mental Deficiency 
(17%) made defective 
performances, on the basis of the critical 
scores. The patients in Group II (‘Mental 
Deficiency 


-In Group | 
Brain Injury”), 6 pa- 


tients out of 35 


Familial”) showed a 20% inci- 
dence of defective performance (7 out of 35 
cases). In Group III (“Mental Deficiency 

Undifferentiated”), 7 patients (18%) out 
of 40 made defective performances. Since 
the incidence of defective performance did 
not differ significantly among the three diag- 
nostic groups, the figures were combined, 
yielding an over-all incidence of defective 
performance of 18.2% (20 out of 110 cases). 


On the basis of the normative findings, about 


six cases would have been expected to per- 
form on a defective level. 


Finger Localization. 
tal Deficiency 


In Group I (“Men- 
Brain Injury”), 8 (23%) of 
the 35 cases made defective performances. 
In Group II (“Mental 
milial”), 10 (29%) 


formances. 


Deficiency —Fa- 
made defective per- 
In Group III (“Mental De- 
Undifferentiated”), 8 (20%) of 


the 40 cases made defective performances. 


ficiency 


When the figures for the three groups are 


combined, an incidence of defective per- 


(26 cases out of a total 
of 110) is found. On the basis of the findings 


formance of 24.5% 


of the normative investigation, about four 
defective performances would be expected. 
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RELATION BETWEEN D1IscRIMINATION 


AND FINGER LOCALIZATION 

The relationship between riglit-left dis 
crimination and finger localization was esti 
mated by computing product moment correla- 
tion coefficients between the several variables 
involved, i. e., the two functions, age and 
mental age. For the purposes of this analysis. 
the number of cases was augmented to 121 
by the addition of 11 cases within the mental 
age range of 9 years 6 months to 10 years 
5 months. The results of this analysis, as 
well as those of a similar analysis of the 
normative group, are shown in Table 4. 


TABLE 4.—Product Moment Correlation Coefficients 
Bet Right-Left Discrimination and 
Finger Localisation Performances 


Variables 


. Right-left discrimination 2 
Chronological age 


Finger localization 
Mental age 


Normative 
Group Defeetives 


(N 158) 121) 

Variables 
0.001 0.001 

0.006 0.001 
0.001 
0.001 


0.003 


0.009 


It will be noted that right-left discrimina- 
tion and finger localization show a significant 
degree of association in both groups. This 
relationship is maintained even when the 
effects of age and mental age are partialed 
out. However, from a quantitative point of 
view, the degree of association is of rather 


small magnitude, although highly significant 


COM MENT 


The findings indicate that, when the per- 
formances of younger normal children of 
comparable mental age are used as a stand- 
ard, there is a considerable incidence of im- 
pairment in performance in defective children 
on tasks involving right-left discrimination 
and finger localization. If “impairment” is 
defined as a performance below the level 
which is reached or exceeded by at least 
95% of normal children of the appropriate 


_ 


RIGHT-LEFT DISCRIMINATION AND 
mental age, one finds that about 18% of the 
pathological subjects perform defectively in 
the area of right-left discrimination and 
about 25% perform defectively in the area 
of finger localization. 

It is of some interest that mental defect 
states of supposedly different etiology are 
not discriminated by performance on these 
tasks. A number of reports in the literature, 
dealing mainly with characteristics of psy- 
chologic test performance, might lead one 
to expect that the “brain-injured” defective 
patients would behave differently from the 
“familial” should 
show a rather unremarkable performance, 
similar to child 


of the same mental age. However, such is 


defective patient, who 


that of a younger normal 
not the case with respect to the particular 
functions investigated in the present study. 
“Brain-injured” defective patients and those 
with “familial” and “undifferentiated” men- 
tal defects show a virtually equal incidence 
of defective performance, and the magnitude 
of this incidence is far above expectations 
based on a concept of simple retardation. 
In isolation, these findings carry no great 
significance, but it is noteworthy that they 
are in accord with a body of neurologic, 
neuropathological, data, 


all of which suggest that the dichotomy of 


and psychologic 
“familial” versus “brain-injury” mental de- 
fect stands on a rather insecure empirical 
foundation and that the concept of “familial” 
or “simple” mental deficiency as a mere 
arrest in neuropsychologic development is 
hardly tenable. 

Clinical experience suggests that isolated 
impairment in right-left discrimination and 
finger localization is a relatively uncommon 
finding in adult patients with cerebral dis- 
The 


children stand in apparent contrast to this 


ease. present results with defective 


impression in that roughly 20% of the chil- 
dren showed what may reasonably be desig- 
nated as pathologically poor performances, 
even in relation to their low mental ages. 
This discrepancy in findings may well be 
due to a difference in the methods used 


|| References 7 to 10. 


FINGER 


LOCALIZATION 


to investigate the functions. The relatively 
brief right-left discrimination and finger 
localization test batteries employed in the 
present study seem simple enough, but they 
are more elaborate and refined (in the sense 
of yielding a quantitative index of degree of 
defect) than those typically utilized in the 
clinical neurologic examination, which prob- 
ably disclose only gross perceptual deficits. 
However, it is also possible that the ob- 
served difference in incidence is quite real 
and essentially independent of the methods 
of evaluation. 

An answer to this question is provided 
by the results of a preliminary study of the 
incidence of defective right-left discrimina- 
tion and finger localization in adult brain- 
injured patients which employed the same 
test batteries as were used in the present 
investigation.'' In this study the perform- 
ances of 22 brain-injured patients, all of 
whom had intelligence quotients of 90 or 
above, were compared with those of a simi- 
lar group of control patients. None of the 
brain-injured patients showed defective right- 
left On the other hand, 
four patients (18% ) showed defective finger 


discrimination. 


localization, their scores being below that of 
the poorest normal subject. It is noteworthy, 
however, that the performances of these four 
patients were not seriously defective by the 
usual clinical criteria, most of their errors 
occurring on the double stimulation task. 
that with 
right-left discrimination there is a real dif- 
the per- 


formance in adult patients with relatively 


It appears, then, respect to 


ference in incidence of defective 
recently acquired cerebral injury as com- 
pared with children suffering from congenital 
or early acquired cerebral injury. Isolated 
right-left disorientation is a relatively un- 
common finding in adult patients, and such 
neuropathological data as are available sug- 
gest a localization of the responsible lesion 
in the parietal lobe of the dominant hemi- 
sphere in right-handed patients.t. Thus, a 
focal lesion with a particular localization 
seems to be a prerequisite for the appearance 
of isolated right-left disorientation in these 
patients. 


587 


M. A. 


\We encounter a somewhat different situa- 
tion in brain-injured children with congenital 
or early acquired cerebral pathology. The 
incidence of defective right-left discrimina- 
tive ability is much commoner. But we deal 
here not with loss of an acquired skill, as 
in the adult patient with relatively recent 
cerebral pathology, but with a failure in the 
original development of the perceptual skill. 
The relatively high incidence of defective 
performance would seem to argue against 
a highly specific localization of the respon- 
sible lesion, such as has been determined to 
be the rule in adults suffering from a loss 
in the ability. It is possible that defective 
right-left discrimination in patients with 
early acquired cerebral disease does have 
some broad localizing significance, perhaps 
in terms of a predominant localization of 
the lesion in one hemisphere or the other. 
This is a question which deserves further 
investigation. But, even if this should prove 
to be the case, it is evident that the localizing 
implications are different in the two cases. 
In the case of the strongly established per- 
ceptual skill (as in the adult with recently 
acquired cerebral pathology), loss of the 
habit 
localization of the responsible lesion. In con- 


implies a highly specific cerebral 
trast, in the case of the undeveloped or de- 


skill, the 
development implies at most a broad cerebral 


veloping cessation of further 
localization of lesion. 

The finger localization results seem to 
present a rather different picture. A clini- 
cally important proportion of patients of 
both types, i. e., those with recently acquired 
pathology and those with congenital or early 
acquired pathology, show defective per- 
formances. Thus, the relatively refined exam- 
ination procedure utilized in this and in our 
previous studies does disclose mild “finger 
agnosia” in a small, but nevertheless impor- 
tant, proportion of brain-injured adult pa- 
tients. The incidence of defective perform- 
ance appears to be somewhat smaller in this 
group than in the defective patients, but the 
number of cases examined is as yet too small 
to permit a definitive estimate. 
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The finding of a significant degree of as- 
sociation between right-left identification and 
finger localization confirms our preliminary 
results ° in this regard. This finding offers 
some support for the contentions of those 
clinical theorists who view both abilities (as 
well as writing and calculation) as expres- 
sions of a single basic process, such as a 
“sense of direction in space,” the “body 
schema,” or a general praxic skill.{ How- 
ever, it must be pointed out that the finding 
is actually no more supportive of such a 
unitary type of interpretation than it is of a 
point of view which would explain the ob- 
served association on a topographic basis, 
i.e., on the supposition of a close proximity 
of the cerebral foci which are critically in- 


volved in the mediation of these perceptual 
skills. In any event, it is well to keep in 


mind that the observed degree of association 
is quite low and can account for only a 
small part of the variance in both skills. 
The potential clinical significance of the 
findings of the present investigation de- 
serves comment. Since as yet only prelimi- 
nary observations of children with verified 
brain injury who are within the normal 
range of intelligence have been made, no 
generalizations can be made at this time. 
However, if it should be found that in this 
group of children there is a significant inci- 
dence of defective performance, as compared 
with normal children of similar mental age, 
the results could provide a basis for psycho- 
diagnostic procedures designed to aid in the 
evaluation of brain 


suspected injury in 


children. 


SUMMARY 


A study of right-left discrimination and 


finger localization in defective children 
yielded the following results : 

1. As compared with the performances 
of normal children of matched mental age, 
there is a clinically significant incidence of 
poor performance in defective subjects. 

2. There is no significant difference in the 
incidence of poor performance in subjects 


{ References 3 and 4 


RIGHT-LEFT DISCRIMINATION AND 


with “familial” mental defects as compared 
with that in “brain-injured” defective sub- 
jects. 

3. Right-left discrimination and finger 
localization show a small, but. statistically 
significant, degree of association with each 
other. 
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Since mephenesin was introduced as a 


muscle relaxant by Berger and Bradley,’ 
in 1946, there have been many clinical re- 
use in 
states.* No 


noted in regard to its efficacy in the treat- 


ports concerning its spastic and 


hyperkinetic uniformity was 
ment of these disorders. More recently, the 
use of mephenesin was extended to the treat- 
ment of anxiety states.— Once again, ensuing 
clinical reports concerning its efficiency in 
alleviating anxiety were of varying degrees 
of enthusiasm.t The increase of muscle ten- 
sion in anxiety states is well known. To our 
knowledge, there have been no quantitative 
studies of muscle tension responses after the 
administration of mephenesin in humans. 
We therefore felt it would be useful to study 
quantitatively muscle tension in anxious 
people and to report whether or not mephene- 
sin could be shown to reduce muscle tension, 


in a predictable fashion. 
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Anxiety is a subjective state associated 


with physiologic changes, which may _ be 


recorded. Numerous investigators $ have 
reported changes in muscle tension in re- 
sponse to varying stimuli and have indicated 
that 


anxiety and emotional upset. Since mephene- 


muscle tension is a good index of 
sin is described as a muscle relaxant, sys- 
tematic recording of muscle tension provides 
a useful means of studying this drug. 
Tachistoscopic || presentation of words 
was selected as a visual stimulus to induce 
anxiety and muscle tension. This stimulus 
nonchemical 
Post- 


demonstrated in 


is a nonphysically traumatic, 


modality. MeGinnies,'® Bruner and 


man,* and others have 
their tachistoscopic studies that emotionally 
charged words have higher thresholds of 
perception than neutral words. Lazarus and 
McCleary "' 


conditioned their subjects to 


exposed nonsense syllables and 
half of these 


syllables, using electric shock as the un- 


conditioned stimulus. Thresholds of percep- 


tion were higher for these conditioned 
syllables than for nonconditioned syllables 
There was an increased sweating response 
for the conditioned syllables, as measured 
hy a psychogalvanic reflex apparatus. Thus, 
emotionally charged stimuli were recognized 
at higher thresholds of perception and were 
associated with physiologic changes, 1. e., in- 
the 


3runer 


creased sweating. In present study, 


MecGinnies’, and and Postman’s 
method has been applied to muscle tension 
phenomena. 
METHOD 
Thirty male and female psychiatric outpatients, 
between the ages of 19 and 43, were selected from 


§ References 6, 9, 10, 12, 15, and 18. 
|| We used a projector with an electronic timing 
device to control the duration of exposure of the 
stimulus words. This was devised and built in our 
department. 
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MEPHENESIN EFFECT ON MUSCLE 


the Kings County Hospital mental hygiene clinic. 
Each subject was interviewed by a psychiatrist to 
eliminate overtly psychotic patients and to estimate 
clinically the degree of anxiety and muscle tension 
present. 
Anxiety was quantitated according to a four-point 
rating scale as follows: 
1+: A vague sense of uneasiness and apprehension 
which is elicited only through questioning 
2+: An increased sense of uneasiness and appre 
hension of such intensity as to be volunteered 
by the patient 


O units 1 unit 2 units 


i ght extensor forea 


' 


TENSION 


was insured by having the patients read a Snellen 
eye chart. Prospective subjects with poor visio1 
were eliminated from the study. 

Thirty subjects with acceptable levels of vision 
were divided into two groups of 15 each, so that the 
clinically estimated mean muscle tensions of the two 
groups were almost identical. One group received 
3.0 gm. of mephenesin, and the other group were 
given a placebo made up in identical fashion. Neither 
the subjects nor the investigators knew which was 
the active preparation until the conclusion of the 
were administered 


entire series. These preparations 


Right flexor forgart 


7 


Summator 


Left flexor forearm 
Exposure indicator 
Standardization F 4 
50 microvolts 
| 


Fig. 1. 


Composite record illustrating (a) muscle tension, as recorded in units, 
(b) standardization of amplification, a 50-mv. signal producing a 10-mm. deflection ; 


from 0 to 8; 
(c) a section 


of a recording showing the muscle tension in, from top to bottom, right extensor forearm, right 
flexor forearm, left extensor forearm, and left flexor forearm. The fifth channel indicates the 
tachistoscopic exposure. The first and second deflections are associated with an alerting signal. 
; Che third deflection is related to the exposure time of the stimulus. The sixth channel shows the 
average of the muscle tension in the four leads; i. e., it adds the tension in the four leads and 


divides by 4. 


Symptoms of uneasiness and apprehension to 40 minutes before the beginning of the test to allow 


gether with objective signs of moderate vis- for absorption from the gastrointestinal tract. 


ceromotor disturbances Twelve stimulus words (Fig. 2) were presented 


4+: Progression of all symptoms and signs to the visually by means of the tachistoscope. Eight four- 


point where visceromotor disturbances become and five-letter words were neutral words of equiva 


leading presenting symptoms and the subjec lent familiarity chosen from the Thorndike Fre 


tive anxiety approaches panic quency Table.24 Four words were commonly used 


In addition, the psychiatrist estimated the muscle emotionally charged words, used by other investi 


tension expression of anxiety, inasmuch as this was gators. Three preliminary words were shown in 


our primary interest in arranging matching groups. identical fashion to acquaint the subjects with the 


Since the stimulus used in the test was a visual 


one presented by the tachistoscope, adequate vision {| References 3 and 16. 
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PLACEBO-*TREATED SUBJECTS 


MEPHENESIN-TREATED SUBJECT 


Music Kotex Wood Penis Trade Warn Bitch About North Also Whore Clear 
WORD STIMULI 
Fig. 2—Graph illustrating the mean muscle tensions of the stimulus words in the placebo- 
and the mephenesin-treated subjects. 


PLACEBO-TREATED SUBJECTS 


4 MEPHENESIN-TREATED SUBJECTS 


\ 
\ 
\ 
\ 
\ 


Music Kotex Wood Penis Trade Warm Bitch About North Also Whore Clear 
WORD STIMULI 


Fig. 3.—Graph illustrating the mean thresholds for correct recognition of the stimulus words 
in the placebo- and the mephenesin-treated subjects. 
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MEPHENESIN EFFECT ON MUSCLE 
procedure and to get the range of each patient's 
threshold of perception. Exposures were started at 
30 msec. during a period of base-line muscle tension 
and increased at regular intervals until the word 
was correctly reported. 

The subject was seated comfortably in a straight 
backed chair with arm rests and a dental headrest 
for suport. Muscle tension was measured electro- 
myographically with a Grass eight-channel pen re- 
corder standardized so that a 504v. signal gave a 10 
mm. deflection (Fig. 1). The tension in the flexor 
and extensor muscles of each forearm was recorded. 
These sites were determined by measurement, as 
suggested by Davis,* and bipolar recordings were 
made. The resistance of the skin over the selected 
muscle bundles was reduced below 10 kilohms by 
cleansing with acetone and rubbing the skin surface 
with electrode 


jelly. brass 


electrodes 2 cm. in diameter were strapped over the 


German-silver-plated 
sites with adhesive tape. A preliminary rest period 


Paste 1.—Mean Muscle Tensions, in 


Mean Muscle Total Charged 
Tensions, in Units Word List Words 
After placebo ......... 2.14 2.64 
After mephenesin . 1.39 1.75 
P—M . 0.75 0.89 
P—M_ 
= % 35% 4 
P “0.01 <0.05 
was used to establish a base line of resting muscle 


tension. 

Muscle tension was recorded continuously during 
tachistoscopic exposures and then either for two 
minutes after correct the word or until 
tension had returned to near zero. 


report of 
\ 30-second rest 
period was given, and the next stimulus word was 
shown if tension had returned to the base line. When 
tension persisted, the rest period was prolonged until 
one could proceed from a basal level. 

The exposure time at the first correct reporting 
was noted for each word, and the mean muscle ten- 
sion, from the moment of the first tachistoscopic 
presentation to the moment of correct reporting, was 
determined. Muscle tension for each lead was graded 
in units of 0 to 8 in quasigeometric progression, as 
is shown in Figure 1. One unit is approximately 
equal to 12v. 

Calculations of the p values were made for differ- 
ences in thresholds of perception and differences in 
muscle tensions for subjects receiving placebo and 
for subjects receiving mephenesin for all the words 
and for neutral words and charged words separately, 
and for the individual word stimuli. Correlation 
coefficients were calculated for the relationships be- 
tween thresholds and tensions for the individual sub- 


TENSION 


jects on placebo and on mephenesin administration 
for the two groups separately, and for each word of 
the stimulus list. 


RESULTS 

The mephenesin-treated group as com- 
pared with the placebo-treated group showed 
a lower mean muscle tension for the total word 
list. This is shown in Column 1 of Table 1 
and is statistically significant at better than 
the 0.01 level of confidence. Table 1, Column 
3, also illustrates the lower level of 
muscle for 


mean 
the 
mephenesin-treated subjects as compared with 


tension neutral words in 
that for the placebo-treated subjects. This, 
too, is statistically significant at better than 
the 0.01 level of confidence. The difference 
in mean muscle tension for charged words 


Inits, After Placebo and After Mephenesin 


Neutral C-N,, 

Words C—N N p 

1.88 0.76 40% <0.05 

1.21 0.54 15% >0.05 

(not sig. 
0.67 
<0.01 
between the mephenesin-treated the 


and is significant at better than the 0.05 
level of confidence. Thus, the mephenesin- 
treated 


placebo-treated group is shown in Column 2 


less muscle tension 
total word list, the 
neutral words, and the charged words, to 


a significant degree. 


group shows 


consistently for the 


Since a secondary object of this procedure 


was to determine whether emotionally 
charged words had a greater effect on 


muscle tension than did neutral words, the 
means of the muscle tensions of the neutral 
and charged words were compared. The 
placebo-treated group revealed 40% less 
tension for the neutral than for the charged 
words. This is significant at better than the 
0.05 level of confidence (Table 1, Line 1). 
The mephenesin-treated group showed a 
much lower mean muscle tension for both 
charged and neutral words. In fact, for the 
mephenesin-treated group the mean muscle 
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PasLe 2.—Mean Thresholds of Perception, in Milliseconds, for the Stimulus Words After 
Mephenesin and . ifter Placebo 


Mean Thresholds of Total Charged Neutral 
Pereeption, Msee Word List Words Words 


\fter mephenesin 167 2G 
After placebo 119 
M—P 


tension for charged words was lower than Thus, subjects treated with mephenesin show 
the mean muscle tension for the neutral significantly higher thresholds of perception 
words in the placebo-treated group. Within for the total list and for the charged and 
the mephenesin-treated group the difference neutral words. 
in mean muscle tension between neutral The differences in the thresholds of per- 
and charged words was 0.54 unit, or 45% ception between neutral and charged words 
less tension for the neutral words (Table 1, were evaluated for both the placebo- and 
Line 2). This difference is not statistically the mephenesin-treated group. Subjects in 
significant (Table 1). the mephenesin-treated group showed a 70% 
Data dealing with the levels of the thresh- higher threshold of perception for charged 
olds of perception are presented in Table 2. than for neutral words (Table 2, Line 1) 
he mean threshold of perception of the The control cases showed a 64% increase 
total word list was 40% higher (Table 2, in threshold of perception for charged as 
Column 1) for the mephenesin-treated group compared with neutral words (Table 2, 
than for the placebo-treated group. This Line 2). Both these differences are signifi- 
difference in threshold is significant at better cant at better than the 0.01 level of confi- 
than the 0.01 level of confidence. Similarly, dence. 
the mean thresholds of perception for both Table 3 shows a comparison of mean 
the charged and the neutral words in the _ tensions for the individual words in subjects 
mephenesin-treated group are about 40% _ receiving the placebo and in subjects receiv- 
higher than the comparable thresholds in ing mephenesin. There was a lower mean 
the placebo-treated group (Table 2, Columns muscle tension in the mephenesin group for 
2 and 3). This difference is significant at 11 of the 12 words. The comparisons are 
better than the 0.05 level of confidence. shown graphically in Figure 2. Although no 


TaBLeE 3.—Mean Muscle Tensions, in Units, of the Individual Stimulus Words After Placebo and 
VU ephenesin Administration 
Mean Muscle 
rensions, Units Music Kotex Wood Penis Trade Warm Biteh \bout Whore Clear 
Placebo 2% 3.40 2.00 2.66 1.93 2.3: 2.53 1.98 5 1.93 1.86 
Mephenesin 1.20 2.00 1.66 1.80 1.13 3 33 1.33 1.87 0.93 
P—M 1.70 1.40 0.34 0.86 0.80 ? : 0.60 0.98 
P—M, 


8% 411% 17% 32% 41% 7% 7% 1% 
P 


TaBLe 4.—\Mean Thresholds of Perception, in Milliseconds, for the Individual Stimulus W ords 


Mephenesin and After Placebo Administration 


Mean Thresholds 
f Perception, Msee. Musie Kotex Wood Penis Trade Warm Biteh About North Also. Whore Clear 


Mephenesin - 2 114 239 140 144 205 12: 142 233 151 
100 101 135 ri 89 124 109 
53 109 42 


59% 87% 38% 


A, 
135 0.01 
oR 623 0.01 
p 0.01 0.05 <0.05 
4 ftcr 
— 4 44 4 4 51 5 1 
34° 5% % 36% 0% 2% %e 25° 9% 
Pp 
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MEPHENESIN EFFECT ON MUSCLI TENSI( 
Taste 5.—Rank Order Differences in Mean Muscle Tensions and Mean Thresholds of Perception f 
Subjects Receiving Placebo * 
\. Decreasing Order of Absolute Differences B. Decreasing Order of Percentage Differences 


in Mean Musele Tensions 


Tensions, Units 


Case No N ( ( N 
l ALD 6.00 3.00 
13 7 25 
10) 1.50 3.50 00 
4 1.87 3.75 1.88 
16 2.7 4.00 1,25 
1.37 2 1.13 
23 0.13 0.75 0.62 
8 1.25 1.75 0.50 
15 8.75 4.95 0.50 
20 1.88 2.25 0.37 
29 6.00 0.25 0.25 
19 1.50 1.00 0.50 
> 4.00 3.3. 0.67 
14 2.50 1.75 0.75 
se) ? 00 1.00 1.00 


*N indicates neutral words; C, charged words 

single word showed a statistically significant 
difference in tension for the mephenesin as 
contrasted with the placebo group, the over- 
all the 
statistically significant, as shown in Table 1, 
Columns 1, 2, and 3. 


difference for entire word list is 


Comparison of the mean thresholds of 
perception for the individual words in the 
mephenesin- and placebo-treated subjects is 
shown in Table 4. All 12 words show higher 
thresholds for subjects receiving mephenesin, 
and this is graphically shown in Figure 3. 


TABLE 6.—Rank Order Differences in Mean Muscle 


1 Mean Thresholds of Perception 


Thresholds, Msee 
( N 
Case No N ( N 
l SS 40) 173 
128 121 
T 69 135 % 
4 170 81 
184 333 81 
74 115 59 
1 65 100 54 
71 105 45 
49 70 43 
19 115 160 39 
Ww Os 130 4 
0 67 8) 
89 110 4 
l4 100 aS 12 
S 288 244 15 


Again, no statistically significant difference 
between the two groups can be shown for 
any single word, but for the entire word 
list the difference is statistically significant 
(Table 2, Columns 1, 2, and 3). 


Correlations between mean muscle ten 


sions and mean thresholds of perception 
were computed for the list of 12 words. The 


coefficients of correlation were determined 


from the data in Tables 3 and 4. The thresh- 
olds of perception and muscle tension of the 
subjects treated with the placebo showed 
Thresholds of 


Tensions and Mean Perception for 


Subjects Receiving Mephenesin * 


Decreasing Order of Absolute Difference 
in Mean Muscle Tensions 


Tensions, Units 


Case No ( N C—N 
27 4.7 1.75 3.00 
7 3.7 3.87 1.88 
26 3.75 00 1.75 
11 1.50 0.50 1.06 
9 1.2 0.37 0.88 
24 1.00 0.50 0.50 
21 2.00 1.62 0.38 
17 0.75 0.50 0.25 
30 1.25 1.50 0.25 
1 0.50 0.37 0.13 
31 0.50 0.37 0.13 
0.00 0.00 0.00 

18 1.50 1.50 0.00 
0.00 0.57 —0).57 
1.50 2.87 —1.37 


*C indicates charged words; N, neutral words 


Decreasing Order of Percentage Difference 
in Mean Thresholds of Perception 


Thresholds, Msee 


Case No ( N nN “ 
17 RR 98 194 
688 268 157 
7 90 39 130 
S88 306 87 
4 313 185 80 
11 563 47 
255 179 42 
73 a6 29 
1 6 49 29 
7 0 40 2 
18 110 89 24 
0 173 148 17 
80 71 13 
( 60 53 13 
0 
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a coefficient of correlation of 0.94, while for 
the mephenesin-treated group the coefficient 
of correlation was 0.97. These values 
statistically significant at better than 
0.01 level of confidence. 


are 
the 


The individual subjects in the placebo 
group are listed in Table 5, in order of the 
differences in responses to charged and 
Table 5A represents the 
differences in mean muscle tension. Table 5B 


neutral words. 
represents the differences in mean thresh- 
olds of perception between charged and 
neutral words. A and B of Table 5 were com- 
pared to see whether a significant correlation 
The 
found to be 0.67, which is significant at 
better the 0.01 confidence. 
lhe mephenesin-group response levels were 


exists. coefficient of correlation was 


than level of 
ranked and correlated in a similar fashion 
(Table 6). Again, the coefficient of correla- 
tion between thresholds of perception and 
muscle tensions, of 0.64, is significant at 
better than the 0.01 level of confidence. 


COMMENT 

Preliminary experiments showed that it 
was not possible to test the same subjects 
on both placebo and mephenesin without 
making major alterations in the word lists 
and total procedure, because familiarity 
iltered responses. Thus, each subject could 
not serve as his own control. However, the 
use of two similar groups of subjects does 
permit group comparisons, and this method 
was applied to the study of mephenesin, with 
statistically significant results. 

Mephenesin-treated subjects showed about 
35% less muscle tension than placebo-treated 
subjects. This difference held for neutral 
ind charged words, as well as for the total 
word list. At the same time, thresholds of 
perception were about 40% higher in the 
mephenesin-treated subjects. Neutral 
the total 
showed approximately the same elevation 
threshold. 


and 


charged words and word lists 


These differences in mean 


muscle tension and threshold of perception 


are in opposite directions but of the same 
order of magnitude. 
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The effects of mephenesin on muscle ten 
sion and thresholds of perception are slightly 
greater on charged words than on neutral 
words. Muscle the 
threshold of perception is higher for the 
charged than for the neutral words. The 
effect on muscle tension is of such order that 


tension is lower and 


after mephenesin even the charged words 
have a than do the 
neutral words in the placebo group (Table 


lower mean tension 
1). Thresholds of perception are not as 
strikingly affected (Table 2). 

These effects of mephenesin on muscle 
support 


tension other 


reports 
mephenesin as a muscle relaxant. The dif- 


ferences in thresholds of 


describing 


perception are 


equally striking in our 


previous reports describe such an action 


experiment. No 


although visual disturbances are mentioned 
Any conclusion as to the mode of action 
producing this effect is not warranted by 
this study. Possibly both the decrease in 
muscle tension and the increase in threshold 
of perception are the result of a sedative 
effect of mephenesin, whereby many bodily 
processes are decreased. 

The described effects of mephenesin are 
quite compatible with its reported effects 
in alcoholic patients, that is, decrease in 
tremor and anxiety and a slightly sedative 
action. 

It should be noted that the dose used in 
this study was rather large, 3.0 gm. A 
previous trial with a 1.0 gram dose showed 
little effect on muscle tension. 

Toxic effects clear-cut. Two 


were not 


subjects on mephenesin treatment com 
plained of lightheadedness, nausea, blurring 
of vision, and sleepiness. Notably, one sub 
ject had similar symptoms after receiving 
placebo. In this study, it was impossible t 
evaluate the side-effects of mephenesin. 

Earlier studies on thresholds of perception 
revealed significant increases in thresholds 
for charged words as compared with neutral 
words. A similar technique in the current ex- 
periment gives evidence that muscle tension, 
likewise, is significantly greater for charged 
than for neutral-word stimuli. 
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UEPHENESIN EFFECT ON MUSCLE 


SUMMARY AND CONCLUSION 


A technique is presented for experimental 
evaluation of a drug in human subjects by 
inducing and measuring muscle tension. 

Mephenesin decreases the muscle tension 
associated with recognizing neutral and emo- 
tionally charged stimulus words. 

The thresholds of perception of words, 
neutral and emotionally charged, are elevated 
when mephenesin (3.0 gm.) is administered. 

The group of neutral words induces less 
muscle tension than does the group of 
charged words. 

Similarly, the group of neutral words is 
recognized at lower thresholds of perception 
than is the group of charged words. 

This study was conducted under a grant extended 
to us by E. R. Squibb & Sons; they also supplied 
the mephenesin, under their brand name Tolserol, 
and the placebos for this series 
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Corticostriospinal Degeneration 


S. BORNSTEIN, M.D. 
and 
GEORGE A. JERVIS, M.D., Montrose, N. Y. 


The term presenile dementia is generally 
applied to “primary” psychoses occurring 
in the presenium and characterized by in- 
tellectual deterioration structural ( “organic” ) 
in type. The causation of these diseases is 
unknown. However, because of the age of 
that 
senescence plays some, still obscure, etiologic 


the patients, it is usually assumed 
role. Two broad groups of presenile demen- 
tias may be recognized: The first includes 
\lzheimer’s and Pick’s disease, two well- 
established clinicopathological entities; the 
second comprises a small number of still 
ill-defined 
with names of investigators, such as Jakob,* 
Creutzfeldt,' 


conditions variously associated 
Heidenhain,® Kraepelin,” and 
others. Curiously enough, the latter group 
has received scanty attention in the Ameri- 
can literature; the purpose of this presenta- 


tion is to contribute to its study by reporting 


and discussing the clinical and pathologic 
findings of two cases. Pertinent clinical and 
pathological data on similar patients pub- 
lished in the literature 


were evaluated in 


the attempt to characterize better these 
cases, which occur perhaps more frequently 
than is commonly believed. 


REPORT OF CASES 


Cas—E 1.—A 59-year-old man was admitted to 
Veterans Administration Hospital, Montrose, N. Y., 


Received for publication Aug. 8, 1955. 


From the Veterans Administration Hospital 
(Dr. Bornstein, Chief of Laboratory Service; Dr. 
Jervis, attending neuropathologist ). 

* References 2 and 3. 
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on Jan. 7, 1954, because of psychotic manifestations 
and “bulbar palsy.’ Significant data in the family 
history were that a sister was a patient in a state 
hospital (diagnosis, alcoholic psychosis) and the 
while in a state of 


dementia, which was diagnosed as arteriosclerotic 


mother had died in old age 
in nature. Two sisters and three brothers were liv- 
ing and well. The patient’s past history was nega 
tive for any serious disease. He was a carpenter by 
trade, unreliable in his work, a poor provider, 
erratic in behavior, and prone to alcoholic excesses. 
In December, 1952, at the age of 58, it was noted 
that the patient was unable to concentrate, became 
forgetful, and appeared preoccupied. Shortly after, 
he experienced difficulty in swallowing food and in 
talking. Within a few 
oriented, confused, depressed, and unable to speak. 
On Nov. 18, 1953, he admitted to Hudson 
State Hospital, where there was noted weakness of 
the arms, atrophy and fibrillation of the interosseus 


months, he became dis- 


was 


muscles, increased deep reflexes, an inconstant left 
Babinski sign, inability to talk and swallow, and 
atrophy and fibrillation of the tongue. Mentally, the 
patient was confused; disoriented for time, places, 
and persons, and depressed in mood, and had fre- 
quent attacks of explosive laughter and crying. 
During two months’ hospitalization, there was con- 
siderable weight loss in spite of a high-caloric, high- 
vitamin diet. The diagnosis upon transfer to the 
Veterans Administration Hospital was “psychosis 
with other diseases of the nervous system: amyo- 
trophic lateral sclerosis.” 


On admission, the patient markedly de 


hydrated and in very poor nutritional condition 


was 


There was radiological evidence of aspiration pneu- 
monitis at the right base. The systemic examination 
was otherwise negative. The blood pressure was 
120/80, and there was no evidence of peripheral 
vascular disease. Routine laboratory studies were 
essentially there 
atrophy of all extremities, with increased deep re- 


negative. Neurologically, was 
flexes, sluggish abdominal skin reflexes, and a left 
Babinski sign. Fibrillations of the tongue and of 
the muscles of the shoulder girdle were present. The 
patient was unable to swallow and was constantly 
drooling. Speech was limited to an incomprehensi- 
ble muttering. The patient appeared disoriented and 
confused. Gastrostomy for feeding purposes was 
performed one month after admission. The course 
was rapidly downhill, and death occurred April 12, 
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Fig. 1 (Case 1).—Third cellular layer of frontal cortex. Nissl stain; medium power. 


Upper: “Dropping out” of neurons and proliferation of glia nuclei. Lower: Severe degenera- 
tion of neurons and increase of glia nuclei. 
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1954, 


aspiration pneumonitis. The disease had lasted some 


three months after admission, following 


16 months 


The autopsy findings outside the central nervous 
system were irrelevant. The brain weighed 1200 gm. 
On external inspection, the cerebral cortex appeared 
moderately atrophic throughout. There was no gross 
evidence of arteriosclerotic lesions. On histological 
examination of the cerebral cortex with the Nissl 
method, a large number of neuron cells showed 
lesions characterized by distortion of the cell out- 
ine, absence of Nissl bodies, pyknosis, and eccen- 
tricity of nucleus (Fig. 1). With fat stains, these 
ells appeared to be replete with granules, which 
stained red with Sudan III and Sudan IV (scarlet 
red) and black with Sudan black; they were only 
vartially soluble in the usual fat solvents (acetone, 
ether, chloroform, and xylene). There were no 
senile plaques or Alzheimer fibrillary changes in the 
numerous cortical regions examined, including the 
ippocampus, a region which is usually considered 


a selective location for senile changes 

Wide variations in the distribution of nerve cell 
lesions were found from area to area and, within 
No constant 
cortical 
considerable distortion of normal cellular 


the same area, from layer to layer 


pattern could be established: In some 
regions, 
irchitecture had taken place because of destruction 
tf cells, extending either to the whole cortex or to 
ircumscribed areas (Fig. 1). In other regions, the 


normal lamination was still recognizable, changes 


being limited to individual cells. In the deep layers 
f the 


and, less fre- 
juently, neuronophagia were present. With Cajal’s 


method an increase in astrocytes could be demon- 


cortex increased satellitosis 


strated throughout the cortex. This, however, was 
spotty in distribution. Hypertrophic forms of astro- 
gliocytes were frequently observed. The microglia 
showed no significant changes, but impregnation 
was somewhat defective technically. No inflamma- 
tory vascular lesions were noted, nor was there his- 
tological evidence of arteriosclerotic changes in the 
‘ortical vessels 


The myelin in the centrum semiovale appeared 
intact. Blood vessels were often surrounded by a 


uffing of fat-laden scavenger cells, but no true 


lemyelination could be demonstrated. The striatum 
the Nissl 
preparation almost all large cells showed severe de- 


was somewhat reduced in size, and in 
generation (Fig. 2), the shape being distorted, the 
size reduced, the cytoplasm laden with fatty pig- 
ment, and the nucleus irregular in contour and 
pyknotic. Neuronophagia was a frequent finding 
(Fig. 3). The small cells were better preserved. 
Neuroglia cells were somewhat increased in num- 
ber and size. A few “simple” senile plaques were 
present in the striatum (Fig. 4). In the pallidum, 
cells were degenerated. There 


the large were no 
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abnormal deposits of pigment or calcium. The cellu 
lar picture of the thalamus was similar to that of 
the cortex. The substantia nigra contained much 
extracellular black-green pigment; the nerve cells 
were partly degenerated. In the colliculi, there was 
considerable decrease in number of neuron cells, 
increase of glia, and neuronophagia. Red nucleus 
cells were similarly involved, although to a less 
severe degree. In the cerebellum, many Purkinje 
cells had disappeared, and the remaining ones were 
distorted in shape; Bergmann glia was proliferated 
There was no lesion of the white matter. The cells 
of the dentate nucleus appeared irregularly swollen 
and filled with fatty material and exhibited eccentric 
nuclei. 

The pons was of normal size, and the nerve cells 
of the pontine nuclei were little involved. Gliosis of 


the inferior olivary nuclei was observed in Holzer 


Fig. 2 (Case 1).—Caudatum. Nissl stain; medium 
power. Severe degeneration of neuron cells 
preparations. Remarkable were the large cells of 
the hypoglossal nucleus because of their decreased 
number, distention of the cytoplasm, absence of 
Nissl bodies, and eccentricity of the nucleus (Fig 
5). Similar lesions were found in the anterior horn 
of the spinal cord throughout. In myelin prepara- 
tions there was no degeneration of the pyramidal 
tract or other spinal tracts ; however, in the medulla 
and upper spinal cord the myelin of the pyramidal 
fibers stained somewhat paler than normal. There 
was no gliosis. 

Case 2.—A telephone executive, aged 46, was 
admitted to the Montrose Veterans Administration 
Hospital in March, 1954, because of “increasing 
The 


family history was negative. The mother and two 


mental confusion,” of six months’ duration. 


siblings were living and well. The father had died 


of heart disease. There were no previous mental 


os 
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; high power. Various types of degenera 


Putamen and pallidum. Nissl stain 


3 (Case 1) 
tion of large neuron cells 


—Stri 
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Fig. 4 (Case 
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lisorders in the history of the patient, who was a 
juiet, reserved, highly intelligent, well-adjusted per- 
The first manifestations of the disease were 
impairment of recent memory, apathy, fatigability, 
ind occasional brief episodes of spatial disorienta- 


son. 


tion. The mental condition became rapidly more 
serious, and three months later confusion was noted, 
ind some vague delusions, the patient believing he 
was back in military service. Shortly afterward, he 
became impotent and developed delusions of in- 
fidelity. Physical examination was essentially nega- 
tive. On admission, the patient showed defect of 
recent memory, some disorientation as to place, 
poor insight, and marked impairment of judgment. 
[There were no special preoccupations, obsessions, 
wr hallucinations. Routine laboratory tests, includ- 
ing spinal fluid examination, were not remarkable. 


The blood pressure was 108/74. A ventriculogram 


f 


(Case 1). 


Fig. 5 
stain; high power 


Nucleus of 12th nerve. Nissl 
Degeneration of motor neurons 


evealed considerable bilateral, symmetric ventricu 
ar enlargement. Cortical biopsy, performed in an- 
ther hospital, showed “marked degeneration of 
ieuron cells with atrophy and shrinkage of cellular 
bodies and tortuosities of dendrites.’”” The EEG dis- 
clesed a disorganized pattern of medium and low 
voltage. The conclusion of the psychologist, based 
m a battery of tests, was as follows: “The patient 
is undergoing a deteriorative process resulting in 
marked 


reduction of intellectual functioning and 


social judgment. Memory and learning are par- 
ticularly affected. There is evidence of confusion, 
perseveration, and a marked inability to abstract 
-oncepts and to shift from one concept to another.”’ 

In the hospital, he became restless, depressed, and 
progressively more disoriented and confused. Bilat- 


‘ral twitching of the arms and legs was observed 
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on several occasions. During the last two months 
difficulty in swallowing was noted and there were 
fine tremors of the outstretched hand. Mental de- 
terioration became more profound and the gait un- 
steady. There 
speech, which became almost incomprehensible. In 
October, 1954, some 14 months after the onset of 
the disease, the patient died, of bronchopneumonia 


Was progressive deterioration of 


The brain weighed 1300 gm. On external examina 
tion mild, diffuse cortical atrophy was noted. Cross 
sections showed grossly no significant deviations 
from the normal. Histological examination of the 
cerebral cortex disclosed widespread decrease in the 
number of neuron cells, resulting in marked altera 
tions of normal cellular architecture. In the orbital 
region, where the lesions were most pronounced, the 
cortex was considerably reduced in thickness, neuro 
cells were few in number, disorderly in arrange- 
ment, distorted in shape, usually sclerotic, and ex 
hibited pyknotic nuclei (Fig. 6). Considerable hyper 
trophy and hyperplasia of the macroglia were noted 
(Fig. 7). The microglia showed little activity. In 
silver preparations no senile plaques were noted, nor 
were there any Alzheimer neurofibrillary changes 
No cytoplasmic argentophilic inclusions were ob 
served. In 


fatty substances, 
was replete with lipid 
granules, which were only partially soluble in the 


sections stained for 


almost every nerve cell 
common organic solvents. There was no fatty ma 
terial free in the tissue or collected in scavenging 
Marked 
satellitosis was noted in the deep layers of the 


cells. The blood vessels appeared normal. 
cortex. The cortical myelin sheaths were markedly 
reduced in number and stained palely with hema- 
toxylin. Cortical lesions, similar in type but of less 
severity than those observed in the orbital cortex, 
were noted Next to the 


orbital region some frontal convolutions appeared 


throughout the cortex. 
mostly involved. Severe lesions were present als 
in the temporal regions, although less evenly dis 
tributed. In the .occipital lobe alterations were 
scattered, and the parietal regions appeared to be 
less involved. The distribution was, however, asys- 
The 


matter of the hemisphere, which was studied in large 


tematic and capricious in character. white 
coronal sections, stained with the Weil, Herxheimer, 
and Holzer methods, showed no relevant alterations 
Perivascular accumulation of fat-laden cells was 
occasionally present, and in some regions the myelin 
was palely stained but no areas of demyelination 
were noted. There was no histological evidence of 
arteriosclerotic disease. In the striatum, the large 
nerve cells were distorted and degenerated, the 
small cells being better preserved. Nerve cells of 
the various thalamic nuclei were severely affected, 
various and 


types infiltration being 


present (Fig. 8). Increase of glia nuclei was noted 


pigmentary 


throughout the thalamus. In the subthalamic bodies, 
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Fig. 6 (Case 2).—Pyramidal layer of the orbital cortex. Nissl stain; medium power. 
Upper: Scarcity of neurons; severe sclerosis of nerve cells; increase in glia. Lower: Severe 
degenerative changes of neurons, increase in glia. 


3 
ap’ 


NEUROLOGY 


AND PSYCHIATR) 


) 


lig 2) 


Frontal cortex Cajal 


stain; high power. Hyper 


plasia and hypertrophy ot 


macroglia 


1. M (RCHIVES OF 
. 
~. - 
+ 
Ja 
. 

Fig 8 (Case 2)— - bad 

- 
ae 
Ge 
- 
° . 
bad 
604 


PRESENILE DEMENTIA—JAKOB TYPE 


the nerve cells were swollen and distorted and con- 
tained much pigment. The cells of the red nuclei and 
the substantia nigra were better preserved. Lesions 
in the cerebellum were mild, consisting essentially of 
decrease in number of Purkinje cells and prolifer- 
ation of Bergmann glia. In the pons and medulla, 
swelling and chromatolysis of cells and eccentric 
nuclei were a common finding; severe degenerative 
changes and pyknosis of nuclei were rare. Myelin 
preparations of these were essentially 
Many 


horn of the spinal cord were distorted in shape, 


structures 


normal. large neuron cells of the anterior 


infiltrated with lipid material, and devoid of Nissl 
bodies. The main fasciculi of the spinal cord showed 


no demyelination 
COMMENT 
The two patients whose cases are here 
presented showed similar mental manifesta- 
tions and dissimilar neurological symptoms. 
The 


tively, was clearly within the presenile age 


age of onset, 57 and 46 years, respec- 


period. Mental features in both cases were 
those of a psychosis usually associated with 
structural changes of the brain, confusion, 
disorientation, marked memory impairment, 
the 
ground. Mental deterioration was progres- 


and intellectual deficit being in fore- 
sive, without remission, in both cases, and 
intellectual dilapidation was present in the 
terminal stage. The course of the disease was 
relatively rapid, being 16 and 14 months, 


) 


respectively. On the other hand, in Case 1 
the neurological picture was so outstanding 
and of such a nature as to justify the diag- 
nosis of amyotrophic lateral sclerosis, 
whereas in Case 2 neurological manifesta- 
tions were limited to occasional muscular 
twitchings, dysarthria, some tremors, and 
terminal inability to swallow. 

In contrast to the richness and variety of 
the clinical picture, the pathological lesions 
were uniform and rather meager, consisting 
essentially of widespread degenerative lesions 


of the neurons with concomitant neuroglia 


reaction. The morphologic changes were 
similar in type in the two cases, differing 
somewhat in distribution, the cortex and 
thalamus bearing the brunt of the lesions 


in Case 2, whereas in Case 1 the spinal 
cord and medulla were more severely in- 


volved. Conspicuous by their absence in the 


cerebral cortex of both cases were the patho- 
logical “marks” of senile brains, i. e., senile 


plaques and = Alzheimer’s neurofibrillary 
changes. In addition, grossly, no localized 
cortical atrophy and, histologically, no myelin 
characteristic of 


or neurocellular changes 


Pick’s disease were noted. Finally, there 
were no arteriosclerotic changes in the blood 
vessels. It 


is clear that the cases here de 


scribed belong into the group of “primary” 
presenile dementia. Furthermore, on patho 
logical grounds, the diagnosis of Alzheimer’s 
or Pick’s disease may be ruled out without 
difficulty. 

The findings may now be compared with 
those previously reported in cases variously 
diagnosed as Jakob, Creutzfeldt, Heidenhain, 
or Kraepelin disease. 

The main clinical features of histologically 
confirmed cases of Jakob-Creutzfeldt disease 
are summarized in the accompanying Table. 
It may be seen that the disease affects per- 
sons of both sexes, mostly during the fifth 
and sixth decades of life, but not infrequently 
in the 


fourth decade. Conspicuous by his 


young age is the patient described by 


the 
rapid, from a few months to 2 


Creutzfeldt.* The course of disease is 
relatively 
years (average 18 months). Notable excep- 
tions are the case described by Dimitri and 
\ranovich ** and those two by Davison and 
Rabiner,'® which, however, are somewhat 
atypical from a clinical point of view. In 
every instance, with the exception of the 


last three, dementia was the main feature 


of the mental picture. The psychosis is of 
the type usually associated with structural 
lesion of the brain, and is characterized by 
memory defect, apathy, and intellectual de 
terioration. Interesting is one of the cases 
reported by Jakob,+ in which Korsakoff’s 
type of dementia developed, and that by 


Rauch '* and Bronisch,*° exhibiting euphoria 
and delusions of grandeur. In the terminal 
stage dementia is usually profound in degree 
Speech defect, varying in degree from slight 


dysarthria to complete dilapidation, is pres- 


+ References 2 and 3. 
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PRESENILE DEMENTIA—/JAKOB TYPE 
ent in almost all cases. It is of considerable 
diagnostic importance when present in the 
initial phases of the disease. 

Neurological manifestations may be classi- 
fied under three groups: (1) motor impair- 
ment and spasticity of the pyramidal type; 
(2) extrapyramidal manifestations (rigidity, 
tremors, and (3) localized 
amyotrophies. As seen in the Table, con- 
siderable the 


these symptoms and signs are observed from 


athetosis ), 


differences in incidence of 


case to should be noted, further- 


more, that in several patients listed in the 


case. It 


Table as positive, the corresponding mani 
festations occurred only toward the end of 
the disease. Finally, the fact should be kept 
in mind that the demonstration and evalua- 
tion of neurological disturbances in ex- 
tremely demented patients is a matter of 
considerable difficulty. Some evidence of 
pyramidal tract disturbance was present in 
70% of the reported cases and developed 
mostly in the terminal stage. Extrapyramidal 
signs were noted in about half the cases, 
and in a few patients athetosis, tremors, and 
rigidity were the outstanding and early com- 
plaints. Localized amyotrophy was noted less 
frequently. In the patients of Teichmann,’” 
Meyer,’ and Jervis and associates,’ the 
sclerosis 


diagnosis of amyotrophic lateral 


appeared justified on neurological exam- 
ination. 

The clinical picture of Case 1, here re- 
ported, is similar in the essential details to 
the cases reported in the literature of Jakob- 
Creutzfeldt disease with outstanding neuro- 
logical manifestations, while Case 2 would 
fit well into the group of Jakob-Creutzfeldt 
disease with minor neurological signs. 

The pathological findings of published 
Jakob-Creutzfeldt 


cases of disease corre- 


spond closely to those observed in the present 


cases. Outstanding lesions are degenerative 
the cerebral 
cortex. They vary from acute swelling to 


parenchymatous changes of 
sclerosis, pigmentary degeneration, and com- 
plete destruction of the neurons. The cortical 
lesions are irregularly diffuse, with focal 


accentuation of the 


process. Concomitant 


neuroglia reaction is usually present. Tha- 
lamic nuclei are involved in a manner similar 
to that of the cortex. The striatum is usually 
affected, but the degree of involvement varies 
considerably from case to case. Even more 
variable the the 


the motor cranial nerves and the anterior 


are lesions in nuclei of 
horns of the spinal cord; in some instances, 
as in Case 1 here reported, the spinal lesions 
are outstanding; in others, as in Case 2, 
the lesions are minor in degree. The two 
cases here described, in conclusion, would 
the 


known as 


clinico- 


Jakob- 


fit without difficulty within 


pathologic syndrome 
Creutzfeldt disease. 
\n attempt has been made to separate 
from the group of Jakob-Creutzfeldt disease 
a variety of presenile dementia under the 
Table, 


cases ¢ 


name of Heidenhain’s disease.® In the 


the main clinical features of four 
which might be classified in this group are 
summarized. The cases of Stender," listed in 
the Table, could be added. It may be seen 
that the distinguishing feature is a conspicu- 
ous psychotic symptomatology with no or 
few 


accompanying neurological 


Whether these clinical features justify differ- 


signs. 


entiation from the Jakob-Creutzfeldt group 
is open to doubt. It may readily be seen that 
Case 2 here described might well be classi- 
fied as one of Heidenhain’s disease. On 
pathological examination the differentiation 
between the two conditions is even less sharp. 
The lesions in the two diseases are similar 
in type, differing somewhat only in distribu- 
tion. The occipital cortex is often severely 
affected. However, the significance of this 
finding is questionable, since wide variations 
in distribution of lesions are usually observed 
from case to case in Jakob-Creutzfeldt 
disease. 

A few additional cases of presenile de- 
mentia, similar in some respects to the cases 
here reported, have been grouped under the 
term of Kraepelin’s disease.© As shown in 


the Table,§ the clinical features are those 


t References 5 and 24. 


§ References 6, 25, and 26. 
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of a rapidly progressive intellectual deteri- 
oration with anxiety, depression, fleeting 
The 
fatal. 
Pathological changes are characterized by 


catatonic states, and speech defect. 


course is rapid and the outcome 


diffuse degenerative changes of the neuron 
cells, among which so-called “liquefaction” 
of neurons is outstanding. It is difficult to 
single out differentiating clinical features 
from Case 2, here described, and patho- 
logical differences may be ascribed only to 
the “tempo” of the process. 


A few cases of presenile dementia have 


been recently described in which rapid 
mental deterioration with fatal outcome in 
a few months was accompanied by neuro- 
logical signs of the extrapyramidal type, as 
Table. 


of degenerative nature were present in the 


shown in the Neurocellular lesions 
striatum, thalamus, and, to a less conspicu- 
ous degree, in the cerebral cortex. Although 
the extrapyramidal symptomatology stands 
out conspicuously, it is clear from the de- 
scription of these patients that there are 
close clinical and pathological similarities 
with the other conditions here discussed. 

Summing up, all cases mentioned in this 
discussion have in common the following 
features: onset usually in the presenile age; 
rapid, progressive course; fatal outcome; 
“organic” dementia; neurological manifesta- 
tions, and diffuse degenerative lesions of the 
neuron cells, varying in distribution and 
relative severity. These common features 
appear to justify the grouping of all cases 
into a distinct clinicopathological syndrome. 
The confusing eponymic terminology might 
be simplified by substituting for the names of 
authors the term “corticostriospinal degener- 
ation,’ first suggested by Wilson,** which 
indicates clearly the localization and nature 
of the pathological process. Should subgroup- 
ing of the syndrome become advisable, the 
following subdivision is suggested : 

1. Spinalstriocortical degeneration. This 
would include the few cases with a preva- 
lently spinal symptomology, simulating the 


|| References 27, 28, and 29. 
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clinical picture of amyotrophic lateral scler- 
The 
Teichmann,** Jervis and associates,‘’ and 
Case 1 here described are instances of this 
variety. 


Osis. patients reported by Meyer,’ 


2. Striocorticalspinal degeneration. The 
symptomatology is dominantly extrapyram- 
idal, and conspicuous cellular changes are 
present in the striatum. Examples are the 
patients of Davison and Rabiner.*® The case 
reported by Gargin and associates,”* Pour- 
29 


sines and associates,*? and Reda ** may be 


here included. 

3. Corticostriospinal degeneration. This 
would include all cases presenting as the 
outstanding intellectual de- 
as the site of 


prevalent pathological localization. Case 2 


manifestation 


terioration and the cortex 


and cases of Heidenhain’s and Kraepelin’s 


disease may be included in this subgroup. 


The etiological factors ef the condition 
are unknown. Genetic factors which play a 
relevant role in other types of presenile 
dementias are apparently of little significance. 
With the notable exception of the extraordi- 
nary Backer family, extensively studied by 
Kirschbaum,’ Stender,’' Meggendorfer,’° 
and Jacob and associates,** and compris- 
ing probably 13 affected members, and the 
family described by Davison and Rabiner,’® 
in which the manifestations were somewhat 
atypical because of the age, the long course, 
and the mildness of intellectual deterioration, 
no evidence of genetic mechanism was pres- 
ent in any case reported in the literature. 
The the 
likewise doubtful, the only element in favor 


role of process of senescence is 
of it being the age of the patient. The type 
that of 
senescence. That vitamin depletion may be 


of pathological lesions is not 
of some significance has been suggested by 
similarities between pathological findings in 
pellagra and in some cases of corticostrio- 
spinal degeneration,*® but no convincing 
evidence has yet been produced in support 
of the hypothesis. The type of pathological 
lesions would suggest the presence of an 
toxic the nature of 


irreversible process, 


which is unknown. 
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SUMMARY) 

The clinical and pathological features of 
two patients affected with a primary form 
of presenile dementia are described. The 
first patient, aged 59 years, showed, in addi- 
tion to intellectual deterioration, neurological 
symptoms and signs similar to those of 
amyotrophic lateral sclerosis. In the second 
patient neurological signs were limited to 
occasional muscular twitchings, dysarthria, 
occasional tremors, and terminal inability to 
swallow. In both patients the mental symp- 
tomatology was of the type usually associated 
with diffuse structural lesions of the brain. 
The course of the disease, progressive and 
relatively rapid, was 16 months in the first 
patient and 14 months in the second. The 
pathological lesions consisted of widespread 
degenerative lesions of the neurons with 
concomitant neuroglia reaction. In the two 
patients morphologic changes were similar 
in type; in distribution they differed some- 
what, the spinal cord and medulla bearing 
the brunt of the lesions in Case 1, while in 
Case 2 the cortex and thalamus were more 
severely involved. 

These findings are compared with those 
reported in cases of presenile dementias, 
which have been labeled Jakob’s, Creutz- 
feldt’s, Heidenhain’s or Kraepelin’s disease. 
Since clinical and pathological features are 
similar in all these conditions, it is suggested 
that, in the absence of a better knowledge 
of etiologic factors, they be grouped into a 
single clinicopathologic syndrome under the 
term corticostriospinal 
proposed by Wilson. 


degeneration, first 
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An earlier study from this laboratory 
(O’Leary, Heinbecker, and Bishop') dealt 
with correlations between histological and 
electrophysiological evidences of damage to 
peripheral axons in experimental poliomye- 
litis (monkey). The inferences drawn were 
in accord with the prevalent view that the 
motoneurone soma is the chief target of the 
virus. To what extent the damaged somata 
supplying partially or completely paralyzed 
still 
physiological preparations is debatable. The 
that 


extremities can respond electro- 


desire to contribute to the solution of 
problem led to the present study. 

In the work mentioned above certain 
monkeys paralyzed for two to three days 
(Flexner MV strain) 


late the long motor 


were used to stimu- 
tracts above the cord 
affected 
Such stimulation did not induce perceptible 


segments supplying extremities. 


movement, even though the muscles of the 
same extremities continued to respond to 
Wallerian 


evident. In 


root and nerve stimulation until 
degeneration was becoming 
the present, more systematic, approach to 
the problem motoneurone excitability was 


(1) 


stimulation of 


gauged by peripheral responses to 


motor cortex, reticular sub- 
alteration 


stance, and cord tracts, and (2) 


Aided by a grant from the National Foundation 
for Infantile Paralysis. 

From the Divisions of Neurology and Neuro- 
surgery, Washington University School of Medi- 
cine. Markle Scholar in Medical (Dr. 
King ) 


Science 


Experimental oliomyelitis 


in the character of the spinal reflex potential 
(Lloyd *), as recorded from the L 7 ventral 
root after stimulation of the corresponding 
1.7 dorsal root. The relevant cord segments 
for each experiment were sectioned serially 
and cell counts made to sample the severity 
and extent of the changes in the motoneurone 
population. 
METHOD 

Macaca mulatta monkeys were used. Except for 
eight controls, each was injected intracerebrally 
with a 10% emulsion of the Lansing prototype strain 
of virus and watched thereafter for the appearance 
of preparalytic symptoms (Bodian*) and for the 
onset of paralysis. Two of the injected animals 
were used in the preparalytic phase; the remainder 
(20), in the first 48 after the 
paralysis. Thiamylal (Surital), courtesy of Parke, 
Davis & Co, 
toneally, was the anesthetic used. Before induction of 


hours onset of 


given intravenously or intraperi- 
anesthesia each monkey was examined for altera- 
tions in the deep reflexes and for estimation of the 
degree and distribution of paralysis in the affected 
parts. Observations were also made upon respira 
tion. After anesthesia a tracheal cannula was in- 
serted. When necessary artificial respiration was 
maintained throughout the course of an experiment. 

Those animals used for motor cortex stimulation 
and (three control 


electromyographic recording 


and nine infected animals) were strapped into a 
special chair. The skull was fixed in a suspensory 
frame attached to an upright projecting from the 
chair back. Both motor cortices were then exposed 
and pairs of needle electrodes thrust into selected 
muscles of each extremity. Electromyographic 


(EMG) 
tibialis 


recording was done routinely from the 


anterior, gastrocnemius-soleus, and quad- 
riceps muscles of each lower extremity and from 
the biceps, triceps, and brachioradialis of each upper 
extremity. Other muscles were also selected, de- 
pending upon the pattern of movement evident in 
the particular experiment. Ordinarily left and right 
corresponding pairs of muscle leads from the lower 
(and later from the upper) extremity musculature 


were led into alternate channels of a six-channel 


areas ot 
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electroencephalograph. The leg (or arm) 
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the motor cortices were then explored with bipolar 
electrodes (60-cycle frequency) to obtain threshold 
contractions for stimuli 0.01, 0.1, and 1.0 msec. in 
duration. Histological controls of the motor cortex 
were studied in each instance. While cortical inflam- 
matory reaction was often in evidence, it did not 
seem sufficient in degree in any case to affect 
materially the results presented. 

In the other group of experiments (5 control and 
13 infected animals) motor cortices, medulla, and 
lumbosacral cord were all exposed. The spinal roots 
were then identified, and, after cutting the L 6 and 
L7 dorsal roots, electrodes were placed upon each 
between its cut end and the dorsal root entry zone. 
The L7 ventral root was similarly divided, a pair 
of recording electrodes being placed so that the 
distal member lay upon the crushed central end of 
the divided root. In the usual experiment the L7 
dorsal root stimulus was used to evoke a ventral 
L7 volley. The L6 stimulus was used for con- 
ditioning that volley. Ordinarily such an L 6 stimu- 
lus was set subliminally and applied at intervals of 
1 to 40 msec. preceding the dorsal L7 stimulus to 
test for interactions contingent upon the over- 
lapping of root collaterals in their distribution to 
motoneurones. 


While the ventral-root-recording electrodes were 
still in place, contralateral motor cortex and ipsi- 
lateral mesial medullary reticular substance were 
stimulated successively with single shocks, and the 
root discharges for each were recorded. When 
there was a difference in the severity of paralysis 
upon the two sides, the roots of the more affected 
side were studied first. In certain preparations the 
posterior tibial and peroneal nerves were stimulated 
also, records again being obtained from the ventral 
L7 root 


\ll relevant cord segments were sectioned serially 
at 15. In the experiments utilizing motor cortex 
stimulation and EMG recording the lumbosacral 
cord was not exposed, and these animals were in- 
jected with 15% formalin containing 1% acetic 
acid. In the experiments in which the lumbosacral 
cord was exposed, the appropriate segments were 
dissected free and fixed by suspension in liberal 
quantities of that fluid. The motoneurone counts were 
designed to sample the cell population of the ventral 
gray matter. Both mesial and lateral cell columns 
were included. Cells under 204 were excluded. Five 
or six sections were counted for each segment. At 
first we tried to classify the degree of damage to 
each cell in accordance with the plates of Bodian’s * 
classic study. Accordingly, we grouped as “mild 
damage” those that corresponded with 2, 3, and 4 
of Bodian’s Plate I; as “moderate,” those like 5, 6, 
7, and 8 of that plate, and as those re- 
sembling the cells of Bodian’s Plate II. However, 


three different observers consistently obtained bi- 
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modal distributions, counts of cells with “moderate” 
damage always being low numerically in our ma- 
terial. It seemed to us that this bimodality might 
relate to the brief period a cell under destruction 
remained in the “moderate” group, and accordingly 
we revised our counts to present data only upon 
Grade-l- (mildly) and Grade-2- (severely) dam- 
aged motoneurones for comparison with normals. 
We recognize that the classification is an arbitrary 
one, and that completely destroyed motoneurones go 
uncounted. Other factors, such as differences be- 
tween strains in the rate of virus multiplication in 
motoneurones, may also have importance in deter- 
mining how fast these cells pass from early chroma- 
tolysis to complete destruction. Finally, it is empha- 
sized that the pattern of loss in functioning which 
we seek to establish is applicable only to the virus 
strain used in the experiments. 


OBSERVATIONS 
Motor Cortex STIMULATION WITH ELECTROMYO- 
GRAPHIC RECORDING 

The data from infected animals were se- 
lected to demonstrate that as paralysis de- 
velops (1) it is the least damaged of the 
motoneurones which convey the threshold 
responses to cortical activation; (2) inter- 
nuncial pools continue to function as long 
as there are moto- 
neurones to transmit the activated process 
to the and (3) even when 
paralysis is so complete that the muscles 
can no longer be activated by ordinary 


sufficient remaining 


musculature, 


cortical stimulation, highly synchronized con- 


vulsive discharges set up by strong cortical 


stimulation may continue to be transmitted 


through 


whatever remains of the moto 


neurone pool. 
The nine 
monkeys were maintained under light thia- 


three control and infected 
mylal anesthesia throughout. In general, our 
observations upon the controls confirm those 
of Gellhorn,' with respect to the effect both 
of variation in muscle tone upon the re- 
sponse pattern and of change in posture of 
the limb. With use of a 60-cycle stimulus 
1-msec. and 


frequency, duration, 


bipolar electrodes, threshold contraction of 


pulse 


the appropriate contralateral musculature, 
observed visually, was obtained from a zone 
5-7 mm. wide, extending forward from the 


central sulcus; the stimulus strength at 


LI 
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threshold varied between 0.85 and 1.5 volts. 
At that strength the contralateral response 
consisted in discrete, sustained movements 
of the distal parts, appearing either immedi- 
ately or after a latency of several seconds. 
\t two or three times threshold the con- 
the 
response pattern enlarged to include more 


tractions quickened perceptibly and 
proximal muscles. However, even at thresh- 
old the movements were composite, involv- 
ing, for example, feeble adduction of a 
thumb with separation, and at times flexion, 
of the other digits, together with minimal 
flexion or extension of the wrist. Liminal 
contraction the distal musculature 


often accompanied by EMG alterations in 


in was 
the more proximal muscles. Depending on 
the cortical point stimulated near threshold, 
the biceps or triceps of the upper limb, for 
example, might be activated principally, 
either reduction in the level of tonic activity 
or activation, in slighter degree, appearing 
in the antagonist. Activation of a contra- 
lateral muscle might also be accompanied 
by reduction in the tonic activity of its 
ipsiiateral Such 
likely necessitate the operation of cord inter- 


homologue. combinations 
nuncials to mediate the cortically initiated 
activity to the motoneurones. 

Data from five infected monkeys are pre- 
sented. For the experiment illustrated in 
Figure 1, characterized as late preparalytic, 
the animal when examined just prior to use 
showed only minimal weakness in the grip 


of the left hand and absence of the left 
biceps jerk. On the right side of the cervical 
cord approximately 20% of the moto- 


20n in size had a normal 
remainder showing Grade 1 


neurones over 
appearance, the 
change; the left side had no normal cells, 
65% showing Grade 1 and 35% Grade 2 
change. In spite of these alterations, all 
muscle pairs recorded showed significant 
tonic activity; and, using a 3- to 6-volt 
stimulus, each cortical arm area strongly 
the the 
At one stage of recording, activation 


activated muscles of contralateral 


arm. 
of a contralateral brachioradialis was ac- 
companied by reduction in amplitude of the 


tonic activity of the ipsilateral one. Another 
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animal used in the late preparalytic period 
had a similar level of tonic activity and 
showed good activation at 1.5 volts. The 
affected 
similar, although the C 5-C 6 segments had 
change; the C7-C8 


segments more in Grade 1. 


distribution of motoneurones was 


more cells in Grade 2 


The tracing in Figure 2 was obtained 


from an animal which became paralyzed 
slowly. When used at 40 hours, there was 
2+ weakness (4+ was graded as complete 
flaccid paralysis) in all movements of the 
right leg; 3+ in the left. Histologically, 


very few normal motoneurones remained. 


For the right side of the lumbosacral cord 
Grade-l- and Grade-2- damaged moto- 
neurones occurred in the ratio of 4:1. Upon 
the left the ratio Using 


cortical stimulation at 3 volts, it was possible 


side was 2.5:1. 


to activate musculature of either foot and 
to show activation of thigh and leg muscles 
EMG 
contralateral activation of the right tibialis 
the left motor cortex at 3 
coincident pronounced 


by recording. Figure 2 illustrates 


anterior from 
volts, with less 
bilateral activation of the quadriceps and 
gastrocnemius muscles. Thus, the stimulus 
threshold was not markedly elevated in spite 
of a high incidence of motoneurone damage. 

Figure 3 is from an animal that was com- 
pletely quadriplegic at 48 hours, volitional 
movements remaining only in the face, neck, 
and tail. Deep reflexes were absent, and 
there was significant respiratory involve- 
ment. Counts for the cervical segments indi- 
cated no remaining normal motoneurones, 
of 1:1 


less and the more severely damaged ones. 


and a ratio existed between the 
Had it been possible to take into considera- 
tion the total of destroyed cells, an inac- 
curacy inherent in such counts, it is likely 
that the figure for severely damaged cells 
would have been still higher. For the lum- 


bosacral cord the situation was similar. In 


the upper tracing of Figure 3 we believe 
it important that 


quired to activate 


the cortical stimulus re- 
the left triceps from the 
that 


activity was evident in 


right cortex was only 3 volts, and 


lessening in tonic 
the right biceps and triceps during the period 
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rR eicers 


MACAQUE NO. I5 LATE PREPARALYTIC 
( LEFT MOTOR CORTEX STIMULATION ) 


Fig. lL—EMG recording, preparalytic phase; stimulation of left motor cortex arm area, 60 
cycles, 3 volts, 1.0 msec. pulse, light thiamylal anesthesia. Tracings from biceps, triceps, and 
brachioradialis muscles, those from left and right members of homologous pairs occupying 
adjoining channels. The tonic activity of the muscles as recorded did not deviate significantly 
from that of controls. The tracing from the left brachioradialis was recorded at higher sensi 
tivity than that used for the right one in order to detect any change in activity during the 
stimulatory period. Of the three right-sided muscles, only the brachioradialis was clearly activated 


from the cortical point used in this trial (6 volts); the tracing shows recruitment of new units 
during stimulation 


GASTROCNEMIUS 


[!00w R. GASTROCNEMIUS 
|TIBIALIS ANT. 
TIBIALIS ANT. 


~ 


vL ,QUADRICEPS 


QUADRICEPS 
MACAQUE 4-FEB.4'54 4OHOURS PARAL- 
YSIS- L.MOTOR CORTEX-R. LEG 


Fig. 2—Paralysis developed slowly, and the experiment was delayed until 40 hours after its 
onset. At that time there was 2+ weakness in all movements of the right leg and 3+ weakness 
on the left. Deep reflexes were absent in the legs bilaterally. The threshold for movement in the 
right leg from activation of the leg area, left motor cortex, was 3 volts, 1.0 msec. pulse, and 
involved extension of digits 1, 2, and 3. The EMG response reached significantly higher amplitude 
in the contralateral tibialis anterior. At this time in the experiment quadriceps and gastrocnemii 
muscles showed minor activation bilaterally; in other trials the tonic activity of the ipsilateral 
muscles was lessened during stimulation, showing how variable the response pattern may be 
Reference to the extent of cell damage is given in the text. 
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L. TRICEPS 
R. TRICEPS 
[ L. BICEPS 


R.BICEPS 


BRACHIORADIALIS 


R.BRACHIORADIALIS 


i. GASTROCNEMIUS 


~ R.GASTROCNEMIUS 


L. ANT. TIBIAL 


R. ANT. TIBIAL 


MACAQUE || mMayi2'54 48HRS PARALYSIS 
RT. CORTEX-L.ARMS&LEG 3V. 


Fig. 


3.—The experiment was commenced 48 hours after the onset of volitional weakness. 


Movements persisted only in the neck and tail, the limb girdle and extremity musculature being 
nearly flaccid. Deep reflexes were universally absent. There was significant respiratory embar- 
rassment. The upper and lower tracings show the responses of extremity musculature to stimula- 
tion of the right motor cortex at 3 volts. Contralateral activation of the upper extremity mus- 
culature was confined to the left triceps, where there was considerable recruitment of new units 


during the stimulatory period. 


There was coincident lessening of tonic activity in the ipsilateral 


right triceps, and the ipsilateral brachioradialis showed transient activation at the beginning of 
stimulation. For the legs there was only transient activation of the left tibialis anterior, and this 


did not increase with stimuli at 15 volts. 


of stimulation. The latter is interpreted 
evidence that the cord internuncials were 
still functioning. Almost no tonic activity 


the musculature at 
the sensitivity used in our usual experiment ; 
the left tibialis anterior could be 


activated significantly at 3 volts. 


was recorded from leg 
and only 
Raising the 
stimulus strength fourfold above this thresh- 
old did not increase the activation appreciably 
yr spread the process to other muscles. 

in Figure 


the illustrated 


4 the results were similar. 


In experiment 
Again, the animal 


was quadriplegic when used, and the deep 


reflexes were absent. There was marked 


respiratory embarrassment without cyanosis. 
com- 


Histologically, we did not detect any 


pletely normal motoneurones in either the 
cervical or the lumbosacral segments. In the 
Grade 1 


cervical segments the cells showing 
Grade 
the left, 
lumbosacral 


Grade 2 


those showing 
of 2.5: 1 


exceeded 
the 
1 on the right. 


damage 


damage in ratio on 


and 4: 
cord 


For the 


cells showing Grade 1 and 


damage occurred in the ratio of 1:1 on the 
left and 1: right. 


activation the contralateral right brachi- 


1.5 on the Figure 44 shows 
of 
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[roow R.BRACHIORADIALIS 


| BRACHIORADIALIS 


[toow L.QUADRICEPS 


R. QUADRICEPS 


1.5 VOLTS 


L.GASTROCNEMIUS 


cioow R.GASTROCNEMIUS 


[tow L.BICEPS FEMORIS 


(ow R. BICEPS FEMORIS 


Cy 
ON 


VOLTS OFF QUADRICEPS 


MACAQUE |2- May 19 '54-« 


woow R. QUADRICEPS 
PARALYSIS 


STIMULATION LEFT MOTOR CORTEX 


Fig. 4—Paralysis developed gradually over a 46-hour period. When used, the animal was 
quadriplegic, retaining only the ability to adduct the left shoulder and to contract the right quad- 


riceps muscle minimally. The upper pair 


tracings (A, brachioradialis) illustate low- 


threshold activation of the contralateral right muscle with coincident but delayed lessening of 
tonic activity in the ipsilateral left one. Neither biceps nor triceps were activated significantly. 


For the legs (B) only the right quadriceps could be activated at all from the left motor 
cortex leg area (threshold 1.5 volts). The response did not increase at 15 volts. In the lower 
two tracings (C) only minor recruitment of new units is evident against a background of tonic 


activity. 


oradialis muscle with a l-volt stimulus, with 
coincident reduction in amplitude of the 
tonic activity in the ipsilateral left muscle, 
which outlasted the stimulatory period sig- 
nificantly. In B (lower extremity) only the 
right quadriceps showed tonic activity, and 
that was lessened in amplitude by a 1.5-volt 
stimulus to the left Raising 
did 


produce any further activation of the extrem- 


motor cortex. 


the stimulus strength threefold not 
ity. In C lessening of tonic activity followed 
minor activation of the same right quad- 
riceps ; tracings obtained coincidentally from 
the hamstrings showed no tonic activity and 
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no activation. This experiment, too, demon- 
strates (1) the persistence of patterns of 
response indicative of internuncial action as 
long as there are functioning motoneurones 
to transmit the activity to the muscles, and 
(2) activation 
We believe that the latter is to be attributed 


low threshold for cortical 
to the more normal of the remaining moto- 
neurones, since significant increase in stimu- 
not occasion a 


lus strength did stronger 


response. 

The subject of the final EMG experiment 
selected for illustration was a small animal 
which had received a relatively massive dose 


ON OFF 
him 
| | 
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ot virus, thereafter passing through quite 
brief latent and preparalytic periods, to be- 
come profoundly paralyzed in all extremities 
four days after the injection. When the 
animal was used at 12 hours of paralysis, 
the musculature was atonic; tendon jerks 
were absent, and there was no _ volitional 
activity below the neck. Respiration was 
markedly impaired, and the lips appeared 
cyanotic. The only anesthesia possible was 
obtained through procaine infiltration of the 
scalp and tracheotomy incisions. Artificial 
respiration was maintained throughout. No 
EMG 
leg musculature of 


tonic activity was evident in the 
tracings from arm or 
either side, and stimuli below 40 volts did 
not produce any activation of the muscula- 


ON . OFF 
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that 
longer capable of transmitting ordinary ac- 
still residual 
function to convey highly synchonized con- 


ment also motoneurones no 


suggests 


tivity may have sufficient 


vulsive discharges. 


THE TWwo-NEURONE Arc DISCHARGE 
TuHat RELATE TO THE DEVELOPMENT OF PARALYSIS 


CHANGES IN 


The proprioceptor spinal arc, described 
in Lloyd’s? classic study, was used to test 
the excitability of motoneurones damaged 
This 


direct 


by virus. two-neurone discharge is 


effected by transmission from the 


collaterals of dorsal root axons to the moto- 


neurone somata. Campbell’s® subsequent 


study of the effect of retrograde degenera 


tion indicates that the two-neurone com- 


Vv ly MT ify 


CORACOBRACHIALIS 40 V. 100uv[ 


TERES MAJOR 


GASTROCNEMIUS 


MACAQUE | 5-27-53 


-The preparalytic period was brief and the paralytic course fulminating; the animal 


Fig. 5. 


HRS 


showed complete flaccid paraplegia 12 hours after the onset of paralysis. There was so much 
respiratory distress (and cyanosis) that only local procainization of the incisions could be used 
for anesthesia. Respiration was maintained artificially throughout the recording. 


of the extremities. However, 40-volt 


stimuli to the right motor cortex did produce 


ture 


slowly spreading seizures of the face and 
neck. As an accompaniment of these, visible 
left 


poststimula- 


clonic contractions appeared in_ the 
The 


tory discharge in that muscle is illustrated 


coracobrachialis muscle. 


in Figure 5, by comparison with coincident 
silent tracings from the neighboring teres 
major and the gastrocnemius. Histological 
preparations from the cord were incomplete, 
but in the cervical segments examined many 
cells were in neuronophagia, in spite of 
the brief duration of the paralysis. It is 
believed that hypoxia contributed to the 
this 
animal to cortical stimulation. The experi- 


nearly complete unresponsiveness of 


ponent is affected earlier and more signifi- 
cantly than is the multineurone one. Our 
study proves that a significant reduction in 
the two-neurone component coincides with 
The 


high amplification necessary to examine the 


the approach to maximal paralysis. 


multineurone component during the later 
stages of developing paralysis made it diffi 
cult to 


elevations we 


decide whether the longer latency 
recorded represented multi- 
neurone discharge or were occasioned 
through increase in synapse time and de- 
cell damage. 


Hence that phase of our study will require 


synchronization incident to 


further investigation. 

Figure 6 illustrates a series of tracings 
from experiments started at different times 
after the onset of paralysis. In each instance 
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kig. 6.—Records of the two-neurone reflex spike 
obtained from the L 7 ventral root subsequent to a 
briet electric shock given the corresponding dorsal 
root. A, normal preparation. B, the right sciatic 
nerve of a normal animal which had been crushed 
30 days earlier to produce retrograde cell change in 
the corresponding motoneurones (see Fig. 7, right). 
Note that the right-sided response has significantly 
lower amplitude. C, four hours’ paralysis (for this 
ind the remaining pairs see Figures 7 and 8, respec- 
tively, for appraisal of histological damage and for 
plots indicative of the severity of cell involvement). 
1), 12 hours’ paralysis. The disparity in amplifica- 
tion necessary to produce the tracings E-G as com- 
pared with A-D should be noted. Left-right differ- 
ences in amplitude as between C, D, F, and G left 
and right are not always reconcilable with histo- 
logical estimates of comparative cell damage upon 
the two sides 


the two-neurone reflex discharge over the 
ventral root 
the 


Figure 6A, left and right, are tracings 


, was occasioned by a brief 


shock given corresponding L7 dorsal 


root 
from a normal animal introduced for com- 
parative purposes. 4 and B left indicate the 
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range of variation in amplitude observed 
in normal control preparations of our series. 
Reference to the calibration signals is neces- 
sary to evaluate the amplitude of the poten- 
tials further. B right, as compared with B 
left, shows the significant reduction in the 
two-neurone component which occurs as a 
result of retrograde cell change (Camp- 
bell*). C to G are representative potentials 
recorded under nearly identical conditions 
from the L 7 roots of Monkeys 4, 12, 16, 
24, and 34 hours after the onset of paralysis 


The tracings of C were obtained from an 
animal in which volitional weakness of the 
right arm had appeared four hours previ- 
ously. The left arm and both legs were 
used normally for climbing and jumping 
at the time the experiment was started. 
2+ 
weakness in all movements of the right arm; 


Preexperiment manipulation showed 
the other extremities were normal, deep 
reflexes being neither exaggerated nor de- 
pressed. By comparison with the tracings 
from normal animals, the amplitude of the 
potential from the left root was quite large, 
that from the right reduced, findings to 
which we cannot attribute significance until 
more evidence has accumulated. However, 
such an amplitude difference between the 
left and the right potentials is in line with 
inequalities that we have observed in other 
experiments done in the late preparalytic 
period or in early paralysis. Histologically, 
the L7 segment corresponding to Figure 
6C 


divided 


showed motoneurones about equally 


normal and 


No 


cells were noted, and the number of mildly 


between appearance 


Grade 1 damage. severely damaged 
altered ones was about equal on the two 


sides. 


In Figure 6D (12 hours) there was a 
marked disparity in amplitude between the 
left and right potentials; that recorded from 
the left root fell within the range of normal 
variation; that from the right seemed exag- 
gerated. Examination prior to the experi 
ment showed 2+ weakness in all movements 
1+ 


of the arms and weakness in the legs. 


LEFT RIGHT 
A 
[ 500 py 
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The left ankle jerk and both knee jerks 
were absent, the right ankle jerk being 1+. 
Histological comparison with the four-hour 
specimen showed the number of normal- 
appearing motoneurones to be significantly 
increased. We did not observe a difference 
in the distribution of damage upon the two 
sides in spite of the disparity in amplitude 
of the potentials recorded. 

For the 16-hour specimen, illustrated in 
igure 6£, there was a marked reduction 
in potential amplitude by comparison with 
the 


There was 


preceding (note calibration signals). 
3+ weakness in both lower ex- 
tremities, and all deep reflexes were absent. 
Motoneurone damage in the L7 segment 
was marked. No normal cells remained, and 
the number showing Grade 2 change was 
large. The amount of damage on the two 
sides was similar, and the interstitial inflam- 
matory reaction was marked. Even so, there 
was still no difficulty in recording a potential 
from either ventral root. 

The tracings from the 24-hour specimen, 
illustrated in Figure 6/, show an even more 
marked loss in potential amplitude. No two- 
neurone or multineurone component was 
recorded on the left at any stimulus strength, 
right side 


and the potential of the was 


notably reduced by comparison with the 
16-hour specimen. The remainder of normal- 
appearing motoneurones was small. Weak- 
had been 
evident longer on the right. The right ankle 
jerk was 1 that of the left, absent. The 
left knee jerk was reduced; that of the 


ness in both legs was 3+, but 


right, somewhat overactive. 

In the 34-hour experiment (Fig. 6G) the 
two-neurone potentials had a somewhat 
higher amplitude than in the preceding one. 
A left-right difference also existed, the left 
being the 


potential that 


Grade-2-damaged motoneurons exceeded in 


larger. Except 


number those showing Grade 1 change, 


the damage was approximately like that 
seen in sections of the 24-hour animal and 
was nearly equal upon the two sides. How- 
ever, there was a significant disparity in 
weakness of the legs, 2+ for the left and 
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4+ for the right (complete flaccidity). All 
lower extremity deep reflexes were absent. 


The reduction in the two-neurone poten- 
tial during the approach to maximal parlysis 
should correlate better with the histological 
than with the clinical appraisal of damage, 
since electrophysiological and 
the 
weakness are referable to 


histological 


data relate to same cord segment, 
whereas tests of 
intersegmental activity. We noted that in 
the early hours of paralysis there might be 
no reduction, although significant early 
motoneurone damage had already occurred. 
In some instances the two-neurone potential 
even appeared exaggerated in the early hours 
of paralysis, and we had difficulty in recon- 
ciling the the 


root with the extent of the damage to the 


size of deflection from a 
motoneurones. Thus, we concluded that po- 
tential amplitude in early paralysis might 
average two effects: (1) exaggeration due 
to brain stem disturbance effecting release 
of the more normal motoneurones, and (2) 
loss in excitability, due to reduced function- 
ing of the more affected ones. Bodian * has 
called attention to spasticity in early experi 
mental poliomyelitis, and also conjectures 
about the effect of brain stem lesions upon 
the motor activity of infected animals. 
When a marked reduction in amplitude 
of the two-neurone potential has appeared 
(usually 12-16 hour paralysis) it has been 
associated histologically with a relative ab- 
sence of normal-appearing motoneurones in 
the segment and with a significant increase 
in the number of those which show Grade 2 


change. Then, left-right disparities in poten 


tial amplitude may bear a clear relationship 


to the clinical estimate of weakness, although 
this is not invariable. No completely normal 
motoneurones were observed in the 16-hour 
experiment, and we believe it important that 
we were able to record two-neurone poten- 
both 
I.7 roots, thus indicating conclusively that 
affected 


tials of reasonable size from ventral 


motoneurones must remain, for 


a time at least, accessible to synaptic 


activation. 
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30da. after Rt. SCIATIC CRUSH 


POLIOMYELITIS 12 hours "PARALYSIS 


“POLIOMYELITIS 24 hours PARALYSIS 


34 pour PARALYSIS 


POLIOMYELITIS {2 hours PARALYSIS 
(RESPIRATORY PARALYSIS) 


Fig. 7—Photomicrographs of motoneurones of the L7 segments from which records C-G 
of Figure 6 were obtained. Motoneurones corresponding to the tracings of Figure 12 are also 
included. Other references are given in the text. Areas selected for photography were considered 
typical of the involvement in the particular preparation. 


A. 
LEFT RIGHT 
POLIOMYELITIS 4hours PARALYSIS 
POLIOMYELITIS hours PARALYSIS 
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Fig. 8.—Proportions of motoneurones showing 
normal appearance and Grade 1 (mild) and Grade 
2 (severe) cell change based on counts of the L 7 
segments of infected animals illustrated in Figures 
6 and 7 


IN THE Two- 
NEURONE PREPARATION 


OTHER PROPERTIES EXAMINED 

Elaboration of the technique described in 
the preceding section permits examining 
other properties of motoneurones. Renshaw,® 
Lloyd,’ Pitts,* Clare, Mills, and Bishop,® and 
Grundfest and Magnes *° have studied vari- 
facilitation and of relative 
the path. Their 
studies in normal animals have guided our 


ous aspects of 


refractoriness in reflex 


endeavor 


A 


IN POLIOMYELITIS 


150 pv 


Fig. 9—A to G represent a series of two-neurone 
reflex spikes (four hours’ paralysis, Figs. 6, 7, and 
8) recorded at intervals of three seconds. A weak 
electrical shock (Stimulus 1) to the L 6 dorsal root, 
which was subliminal for an L 7 response, produced 
relative refractoriness of the L 7 motoneurones, as 
activated by a second stimulus (2) to the dorsal 

A, control record, showing the L 7 activated 
spike without a preceding dorsal L6 stimulus. In 
B-G the L 6 dorsal root stimulus was introduced at 
increasingly longer intervals before the L7 one. 
Note that the refractoriness is maximal at a separa- 
tion of 8 to 12 msec. between stimuli. H, J, and J 
are upon a slower time line, with a longer interval 
separating the successive stimuli. 7, control; /, the 
. 6 shock precedes the L 7 one by 30 msec.; J, 
stimulation of L6 alone did not result in an L7 
activated spike. AK, L, and M are from the animal 
paralyzed for 16 hours. Comparison of K (control) 
with L (preceded by the L 6 shock) shows a similar 
finding on a slow time line, the first shock preceding 
the second by 65 msec. Under the circumstances of 
experiment the relative refractoriness of the L7 
motoneurones persisted at least 65 msec. subsequent 
to the first stimulus. M@ shows that the motoneurones 
follow repetitive stimuli at 30-msec. intervals. 
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Fig. 10.—A-E, 34 hours’ paralysis; left dorsal 
to ventral L7 response; slow time line. The suc- 
cessive pairs of responses resulted from shocks of 
the same strength given at 30-msec. intervals, each 
pair being separated from the next by approximately 
Note progressive reduction in size of the sec- 
ond of the paired responses, until in E it fails almost 
completely. F-H, faster time line in the same experi- 
ment. In F the L 6 dorsal root shock had sufficient 
intensity to produce a submaximal L 7 reflex spike. 
When followed at a 14-msec. interval by an L7 
dorsal root shock, the reflex spike resulting from 
the latter was largely occluded. In H, the strength 
of the L 6 activating shock was reduced to diminish 
the size of its L7 reflex response, and the two 
shocks were brought closer together. The result 
was facilitation of the L 7 reflex potential. Reference 
to Figure 8 will show that few motoneurones of 
this preparation could still be considered normal. 


sec 


For this purpose a subliminal dorsal L 6 
stimulus was made to precede and condition 
the response of ventral L7 to a dorsal L7 
that, 


relative 


stimulus. It is perhaps significant 


through manipulation of the 


streneths of the two stimuli, we were 


able to show facilitatory effects at a stimu- 


lus separation of several milliseconds, even 
in the animal that had been paralyzed for 
34 hours (Fig. 10, compare H with G). In 
that animal a marked reduction in amplitude 
of the two-neurone potential had already 
developed ; and, as illustrated in Figure 10 
1-E, the 1.7 volley itself showed definite 
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Fig. 11.—L/7 root potentials evoked from stimu 
lation of contralateral cortex and ipsilateral reticular 
substance ; animal paralyzed for 16 hours. No com 
pletely normal motoneurones remained in the L7 
segment. Other tracings are illustrated in Figures 
6 and 9. A, left ventral L7 potential evoked by 
single-shock stimulation (s) of the right motor 
cortex leg area; slow time line. Clusters of spikes 
characterize the record presented. In other records 
the spike clusters had briefer duration. B, potential 
evoked from the same root subsequent to stimulation 
of the left mesial medullary reticular substance at 
a level 2 mm. rostral to the obex. C and D are trac 
ings from the right ventral L 7 root. In C L7 poten 
tial was evoked from a single shock applied to the 
right mesial reticular substance (c) at a level com- 
parable to that of B. In D the reticular-evoked 
potential (c) was recorded from the left L 7 ventral 
root subsequent to a dorsal-root-activated volley 
(d). The dorsal-root-activated volley (d) in 
records and F was succeeded by a cortically 
activated volley (c), which is notably reduced by 
comparison with G and H, in which the first shock 
and its corresponding volley were omitted 


fatigue when successive pairs of shocks of 
the same stimulus strength were applied to 
the dorsal L7 root. With 30-msec. separa- 
tion between the members of each pair and 
3-sec. intervals between pairs, the volleys 
resulting from the second shocks were suc- 


cessively reduced. Since few remaining nor- 
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mal motoneurones were available for facilita- 
tion, the result suggests that the process 
must have occurred in already altered ones. 

Figure 9, A-G, from the animal in which 
paralysis had commenced four hours earlier, 
illustrates a cycle of relative refractoriness 
initiated by a subliminal L6 conditioning 
shock and manifest from reduction in the 
amplitude of the ventral L7 volley activated 
by the succeeding dorsal L7 stimulus. The 
conditioning stimulus is labeled S-7 in this 
instance, and the test stimulus S-2. It is to 
be noted that the motoneurones were least 
responsive to the test stimulus when the 
latter followed the conditioning one by an 
interval of 8-12 msec. Comparison of H, 
I, and J indicates the degrees of refractori- 
ness that persisted with 30-msec. separation 
between shocks, and of K and L for 65-msec. 
separation in the animal paralyzed for 16 
hours, referred to previously. In that animal 
the L 7 ventral root volley followed repetitive 
dorsal root stimuli at 30-msec. intervals, 
even though some variation in amplitude 
was apparent (Fig. 9.17). 
RELATIVE REFRACTORINESS OF CorTICAL- AND RE- 
TICULAR-ACTIVATED L 7 VoLLeys WHEN PRE- 

CEDED BY THE Two-NEURONE VOLLEY 

In each of this series of experiments the 
effort was made to record the ventral L7 
the 
contralateral leg area of the motor cortex, 


volleys resulting from activation of 
and of the ipsilateral reticular formation. If 
internuncials continue to operate as long as 
the motoneurone pools function, the losses 
should be parallel. In the case of cortical 
stimulation only single shocks were used, 
and no effort was made to follow the course 
of facilitation which Bernhard and Bohm ™ 
found to occasion the appearance of a CM 
(single synapse) component of the path 
from cortex to muscle in the monkey. In 
interpreting the results of reticular stimula- 
tion, we have followed Lloyd’s? study of 
the bulbospinal correlation system. 


Traces from the monkey paralyzed for 16 


hours are used for illustration (Fig. 11) 
because of the universal damage to L7 
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motoneurones evident there. Trials in this, 
and in other animals, show additionally, we 
believe, that damaged motoneurones are 
activatable from these sources for as long 
after the onset of paralysis as we previously 
indicated ‘for root-activated potentials, per- 
mitting the inference that the internuncials 
are at least as resistant to damage as are 
the motoneurones. 

For the 16-hour animal an L 7 root poten- 
tial, consisting of a cluster of spikes, was 
the contralateral 
leg area stimulation by a single shock. It is 


recorded as response to 
illustrated in Figure 114. Somewhat later 
in the experiment, better synchronized corti- 
cally evoked L7 volleys were recorded (G 
and H/). B and C of Figure 11 are typical 
of L7 volleys activated from the ipsilateral 
mesial reticular substance. 


[25 pv 


Fig. 12.—When used at 12 hours’ paralysis the 
animal showed complete quadriplegia and Biot’s 
breathing. While it was being prepared, Cheyne- 
Stokes respiration set in. Tracings A and C show 
almost identical low-amplitude, slow L7_ ventral 
root potentials evoked by brief electric shocks ap 
plied to the left L 7 dorsal and lateral columns, 
respectively. Upon the right side (B and D) no 
activation resulted from the L 7 dorsal root stimulus, 
and but a trace potential from stimulation of the left 
lateral column. Typical cells illustrated at the 
bottom of Figure 7 were quite dark but did not give 
the appearance of advanced change characteristic of 
severely virus-damaged preparations, from which 
much better ventral root potentials were recorded 
The marked loss of responsiveness is presumed to 
result from hypoxia superposed upon virus damage 


The dorsal-root-activated two-neurone po- 


tential can render the motoneurones rela- 


tively refractory to cortical or reticular 
stimulation. The time course corresponds 
that L.6-L7 


stimuli. In JD of Figure 11 a 


with shown for dorsal root 
dorsal-root- 
activated potential (d) preceded the reticu- 
lar-activated one (c) by 16 msec., lessening 
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the amplitude of response to the latter (com- 
C). Other dorsal-root-activated 
reflex potentials, illustrated in E and F, 
preceded volleys in the same ventral root 
With 


intervals of 30 and 40 msec., respectively, 


pare with 


activated from the contralateral cortex. 


between conditioning and test shocks, the 


amplitudes of the cortically evoked volleys 


(c) were significantly reduced by compari- 
son with G and H, 
shocks were omitted. 


-tib. 
= L7 
ventral 
L2 pyr. tr. 
ventral L7 


in which the conditioning 


20 hrs. 


NI 2 


Fig. 13.—In this animal, quadriplegic at 20 hours’ 
paralysis, the respiratory embarassment was identi- 
cal with that for the experiment illustrated in Fig- 
ure 11. Note that no significant potentials were 
recorded either from L 7 ventral root from stimula- 
tion of corresponding posterior tibial and peroneal 
nerves, or from the L 7 dorsal root or lateral 
column. In this instance there was much Grade 2 
(severe) cell change, but numerous cells showed 


only Grade 1 alteration 


SoME Errects oF Hypoxia 
Certain of our EMG studies indicated that 
cumulative hypoxia could further reduce the 
excitability of virus-damaged motoneurones. 
Several experiments of the lumbosacral cord 
series also support this view. In Figure 12 
tracings are presented from an animal that 
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was found to be completely quadriplegic and 
showing Biot’s breathing 12 hours after the 
onset of paralysis. Deep reflexes were ab- 
sent. We were able 
1.7 ventral root potentials from stimulation 


to initiate only minor 
of either the corresponding left dorsal root 
or the upper lumbar lateral fiber column. 
These were nearly identical. Histologically 
the motoneurone damage was surprisingly 
light ( Fig. 7, bottom), considering the severe 
quadriplegia. Cells showing Grade 2 damage 
were not evident in the L7 segment 


Another animal showing flaccid quad- 
riplegia and marked respiratory impairment 
20 hours. Histologically, the 
extent of cell damage was usual for this 
stage (Fig. 13). 
it was impossible to evoke ventral L 7 poten- 


was used at 
Even with strong stimuli 


tials from stimulation of ipsilateral tibial or 
dorsal L7 
lateral 
corresponding stage we were successful in 


peroneal nerves, the root, or 


the upper lumbar column. At a 


doing so in animals that did not show 
significant respiratory involvement. Thus, 


this evidence, too, supports the role of 
contributing to the 


marked reduction in motoneurone excitability 


hypoxia as factor 
indicated. 
COMMEN1 


Too little is known of the electrophysi- 
ological alterations during acute poliomye- 
litis, or related virus affections of the nervous 
system in general. The experiments we 
report herein have 
worthy of 


value in defining areas 
Such 
unusual 
effort, we have been able to maintain para- 
lyzed animals in 


meticulous investigation. 
studies are feasible, for, without 
good condition during 
recording that has lasted four hours or more. 
Few animals have been lost through experi- 
mental failure, 
investigations 


indicating that more critical 
(such as microelectrode re- 
cording from virus-damaged motoneurones ) 
with a fair chance of 


can be undertaken 


success. 

Our findings reemphasize the motoneurone 
as the chief target of this virus. In experi 
ments utilizing motor cortex stimulation 
and EMG recording, we found that during 


= R 

| 
40%_ 


MOTONEURONE EXCITABILITY IN 
the approach to maximal paralysis distal 
movements could often be evoked by repeti- 
tive cortical stimuli having a threshold little 
in excess of that found for normal animals. 
EMG activation of more proximal muscles 
also occurred with stimuli near the same 
strength. Considering the number of severely 
altered motoneurones and the interstitial 
inflammatory reaction evident in the cords 
of some such animals, the low thresholds 
found are somewhat surprising. However, 
we believe that the remaining, nearly normal 
cells provide this residual low-threshold 
path, for increasing the stimulus strength 
often did not evoke a brisker or more 
powerful contraction. If the muscles showed 
little tonic activity, they were usually acti- 
vated minimally at any strength of stimula- 
tion. Finally, with complete flaccid paralysis 
of an extremity, only powerful repetitive 
stimulation, such as readily occasions convul- 
sion in normally innervated muscles, may 
bring about a sufficiency of central synchroni- 
zation to force the synaptic barrier of the 
depressed motoneurones. Activation of the 
muscles thus occasioned is likely to continue 
as poststimulatory Thus, 
even though the virus strain used here is 


after-discharge. 


likely to occasion rapid necrotization, the 
depressed motoneurones may pass through 
a stage in which they are still excitable to 
extraordinary stimulation. 


Correlations of the clinical severity of 
acutely developing paralysis, the reduction 
in amplitude of the two-neurone potential, 
and the histological estimate of the extent 
and severity of motoneurone damage require 
special consideration of the early hours after 
the onset of paralysis. Then the two-neurone 
potential may still approximate the normal 
in amplitude, or perhaps be exaggerated, even 
though many motoneurones show Grade 1 
damage. When exaggeration has occurred, we 
have attributed it to a release phenomenon 
occasioned by brain stem lesions. As neuro- 
nophagia becomes increasingly prevalent 
and the interstitial reaction more marked, 


we have found that the amplitude of the 
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two-neurone potential becomes significantly 
reduced. In the instances where disparities 
in size have occurred between the two- 
neurone potentials of the two sides, the 
greatest decrease has usually occurred on 
the side of the more marked clinical weak- 
ness. Such disparities in amplitude have 
less often reflected corresponding disparity 
in the motoneurone damage to left and 


right hemisegments of the cord. 


ur experiments upon the lumbosacral 
cord also permit comparison of the loss 
of activation of the proprioceptor (two- 
neurone) potential and of the same moto- 
neurones through the long tracts that arise 
in the contralateral cortex and ipsilateral 
reticular formation. In the instance of 
corticospinal activation by single shocks it 
studies of 
Lloyd '* that internuncial cord mechanisms 


must 


seems likely from the prior 
relay the impulses from long-tract 
terminals to motoneurones. The sequence of 
loss in the two instances is roughly parallel. 
Exceptions have occurred, but not note- 
worthy ones, and from the finding we infer 
that the internuncial mechanisms operate 
at least as long as the motoneurones are 
able to transmit activity to the muscles. 
EMG experiments provide other evidence 
that internuncials continue to operate in the 
acute phase of paralysis. For example, the 
lessening in tonic activity in one muscle 
occurring coincidentally with activation in 
another suggests that internuncial pools still 
pattern the outflow. However, to test the 
“internuncial lesion” theory of muscle spasm 
in poliomyelitis will require further studies 
by direct internuncial recording. 


The studies upon facilitation and _ rela- 
tive refractoriness of virus-damaged moto- 
neurones in monkeys are not sufficiently 
complete to warrant comparison with normal 
data which are available for cats. However, 
they indicate the feasibility of using such 
comparisons as an index of disturbance in 
the relatively long-enduring processes of 
the reflex path. Thus amplification of the 


data may shed further light upon that physi- 
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ological dissolution of the nerve cell which 
is occasioned through virus action. 


Our observations bear only an indirect 
relation to recent emphasis upon lesions in 
the reticular substance of the brain stem 
in cases of fatal human poliomyelitis. One 
aspect concerns the possibility that in the 
early hours of paralysis lesions there may 
effect 
from the 


a release of certain motoneurones 
inhibitory 


centers. Another relates to the unresponsive- 


action of medullary 
ness of the neural mechanisms of the lumbo- 
sacral cord in monkeys which showed re- 
spiratory embarrassment before recording 
was commenced. The findings in certain 
of our experiments suggest that cumulative 
hypoxia resulting from central respiratory 
impairment can add significantly to the 
motoneurone damage occasioned by the virus. 
In a recent histological study of seven cases 
of fatal 
Rhines, McCarter, and Magoun* state that 


human poliomyelitis, Barnhart, 


the severe brain stem lesions were dis- 


tributed in the central core, with charac- 
teristic injury to the reticular formation and 
tegmentum. In those of our experimental 
the brain stem sections 


animals in which 


were examined in detail, we encountered 
disseminated inflammatory lesions more fre- 
activate the 


neurones over the proprioceptor paths of 


quently. In trials to moto- 
such animals, the reticular activation per- 
did the 


proprioceptor potential. Without minimizing 


sisted as long as two-neurone 
the role reticular lesions may play in con- 
tributing to the severity of the manifesta- 
tions, for monkeys displaying chiefly spinal 
paralysis the role of motoneurone damage 
would appear to be the primary one. 

Kaada ** did EMG studies upon monkeys 
in the preparalytic and acute paralytic stages 
of experimental poliomyelitis. He empha- 
sized the low threshold of the muscles to 
stretch and the ability of single motor units 
to discharge continuously at a low frequency 
(5-20/sec) for a long period in response to 
maintained slight stretch. He also believed 


that the action potential in the paralytic 


period can be recorded simultaneously in 
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antagonistic muscles during voluntary con- 
traction. Denny-Brown and Foley ** also 
studied the course of the disease in monkeys 
by electromyographic methods, finding that 
abnormality in the discharge rhythms was 
the first sign of the disease, preceding fever 
and paralysis by several days. This change 
was associated with an increase in all reflex 
discharge from the centers, including the 
stretch reflex. Immediately preceding paral- 
ysis the affected units discharged in bursts 
of high frequency, and the last discharges 
recorded necrosis of 
were 


motoneurones 
bursts of 3 to 50 


before 
beats at 
240-350/sec. Evidently their recording was 
done in 


brief 


unanesthetized preparations and 
with equipment that exceeded our electro- 
power. The 
differed. Thus, 
we are reluctant to draw comparisons with 
our work, 


encephalograph in resolving 


method of activation also 


SUMMARY 
infected 
with the Lansing strain of poliomyelitis 


Eight normal monkeys and 22 


virus (intracerebral inoculations) were used 
for (1) motor cortex stimulation and electro- 
2) L7 ventral- 
root recording of the two-neurone (propri- 


myographic recording, and 


oceptor ) volley and those responses resulting 
from single-shock stimulation of contralateral 
motor cortex and ipsilateral reticular sub- 
stance. The experiments were controlled 
histologically. 

The experiments yielded additional infor- 
mation concerning the loss of motoneurone 
excitability that occurs as a result of virus 
low threshold to 


damage. Persistence of 


cortical activation as paralysis develops, 
together with lessening in, and then loss of, 
the increment of briskness and strength of 
contraction as the stimulus is increased, sug- 
gests that the least damaged of the moto- 
neurones provide the residual low-threshold 
path. As complete flaccid paralysis develops 
in an extremity, particularly when the effects 
of virus damage are complicated by pre- 
sumptive hypoxia due to respiratory impair- 
the 

nearly, or 


ment, remaining motoneurones may 


become wholly, unresponsive. 
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During the approach to maximal paralysis, 
cortically initiated lessening of tonic activity 
in one muscle can coincide with activation 
in another, suggesting that the internuncials 
still operate in determining the pattern of 
outflow. 

At the beginning of paralysis, even when 
mildly damaged motoneurones are frequent, 
the amplitude of the two-neurone potential 
may not be markedly reduced, and in some 
instances 


may exaggerated. 


Later the two-neurone potential becomes 


even appear 
much reduced in amplitude, the degree of 
reduction relating generally to the reduction 
in number of normal motoneurones and to 
significant increase in those showing severe 
the 
neurone potential also parallels the growing 


damage. The disappearance of two- 
inaccessibility of the same motoneurones to 
activation from contralateral cortex or ipsi- 
lateral reticular substance. 


Drs. Sidney Goldring, Herbert Rosenbaum, and 
William Collins aided in certain phases of the study. 
Dr. Robert Denton, Malcolm McGavern, and Rich- 
ard Dewey did the cell counts. 
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of Sheletal Whiscle 


ain Fatigue 


THEODORE L. DORPAT, M.D. 
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THOMAS H. HOLMES, M.D., Seattle 


Lewis’ postulated that pain in ischemic, 
active muscles was brought about by the 
accumulation in the tissue spaces of a metab- 
“Factor P.” He 


also indicated that Factor P was the stimulus 


olite which he designated as 


responsible for the pain of intermittent clau- 
dication and coronary occlusion. In these 
syndromes the pathologic process leading to 
obstruction of vessels supplying blood to the 
active muscles was the key to the production 
of pain. Recent investigations of headache 
and backache syndromes * demonstrate that 
sustained skeletal muscle tension can evoke 
pain in the absence of pathologic involve- 
the 
muscles. In light of evidence + indicating that 
tetanic contractions cause reduction in muscle 


ment of either the blood vessels or 


blood flow, it seemed desirable to explore 
the hypothesis that the pain mechanisms in 
these syndromes were essentially those 
involved in the genesis of ischemic muscle 
pain. The following experiments concerning 
the relationship of skeletal muscle activity, 
muscle blood flow, and muscle pain in human 


subjects were, therefore, undertaken. 


METHOD 


Ten young, healthy adults, 8 men and 2 women, 
were subjects for the experiments. Skeletal muscle 
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contractions were performed by squeezing with the 
fingers a rubber bulb attached by rubber tubing to 
a mercury manometer graduated in centimeters. The 
thumb was not used in the contraction. The level 
to which the mercury was raised by the contraction 
was termed the “contraction strength.” A strong 
contraction strength of 11 cm. Hg was employed 
most commonly. The term “endurance contraction” 
refers to contractions held by the subject for the 
maximum amount of time possible. During the ex 
periments the subjects were in a reclining position, 
with the forearm in a comfortable extended position 
at heart level. Circulation to the exercising forearm 
in some experiments was arrested by inflation of a 
sphygmomanometer to pressures exceeding 200 mm 
Hg. Muscle pain intensity was measured on a 1 to 
10 scale, 10 being comparable to the maximum 
degree of pain in the subject’s experience. Pain 
threshold as used here refers to the time required 
for pain to appear in a given contraction. 


Muscle temperature was measured by copper 
constantin thermocouple wires inserted in a 23-gauge 
needle and placed to a constant depth of 20 mm. in 
the forearm flexor muscles. A plastic guard attached 
to the head of the needle and secured to the arm 
with cellophane tape prevented deeper penetration. 
Muscle temperature determinations were read di 
rectly from a potentiometer or amplified and re 
corded on a Leeds & Northrup Model S Speedomax 
Type G Potentiometer Recorder. The potentiometer 
was a Leeds & Northrup Double Range Portable 
Precision instrument with a built-in lamp and scale 
galvanometer, with a range of 0 to 80.5 mv. A Leeds 
& Northrup Stabilized D. C. 
amplifier was used with the Speedomax Recorder. 


microvolt-indicating 


The reference junction was kept in a 0 C ice bath 

Experiments were conducted under uniform con 

ditions at a room temperature of 26.0 C. 

EFFECT OF SUSTAINED AND RHYTHMIC SKEL- 

ETAL MUSCLE CONTRACTIONS ON SKELETAI 
MUSCLE BLOOD 


FLOW : EVIDENCE FOR 


ISCHEMIA CONTRIBUTING TO GENESIS 
OF PAIN IN CONTRACTING 
SKELETAL MUSCLE 
Experiments were devised to compare the 
characteristics of pain produced in muscle 
circulation arrested and 


contractions with 


SKELETAL MUSCLE PAIN 
with circulation intact. Both rhythmic and 
sustained contractions were studied. 


COMPARISON OF PAIN CHARACTERISTICS IN Sus- 
TAINED CONTRACTIONS WITH CIRCULATION 
INTACT AND WITH CIRCULATION 
OccLUDED 

With circulation occluded, strong, gripping 
contractions of the hand, at the rate of one 
per second, were performed by three sub- 
jects. After suitable rest periods the experi- 
ments were repeated with the circulation 
intact. Pain was produced in each instance 
similar both 


and the characteristics were 


qualitatively and quantitatively. The pain 


During the initial 150 seconds of the exper- 
iment with intact blood flow, the endurance 
and production of pain were similar to the 
above observations. However, with the in 
voluntary fall in contraction amplitude, the 
ability to maintain the contraction was par- 
tially restored, and the exercise could be con 
tinued for 10 minutes with only low-intensity 
pain. The pain disappeared promptly when 
the contraction was released. During similar 
experiments, in which the contractions were 
terminated at the limit of endurance, the pain 
promptly subsided coincident with relaxation 
of the grip. 


CIRCULATION 
ARRESTED 
SUSTAINED CONTRACTION 
CIRCULATION ARRESTED 
8 + 
a ’ 
= - 6 + 
INTENSITY 
» 2+» 
2 “4 6 7 8 9 10 = 
= 
= t2 = 
~ SUSTAINED CONTRACTION = 
10 & 
CIRCULATION INTACT Q 
= © 8 + 
~ 
= 6 6 + 
4+ 
2 PAIN INTENSITY 2+ 
2 3 4 7 4 9 10 
TIME IN MINUTES 
Fig. 1—Comparison of 1l-cm. contractions with circulation intact and with circulatioi 


arrested. 


threshold was shorter when the circulation 
was occluded (45 to 60 seconds) than when 
the circulation was intact (70 to 90 seconds). 

Figure 1 is a record of pain production 
during two 1l-cm. sustained contractions: 
one with circulation arrested and the other 
with circulation intact. Six other exercises of 
the same type gave almost identical results. 
The contraction with circulation arrested was 
held for a maximum length of 150 seconds, 
at which time the amplitude of the contrac- 
tion involuntarily fell. The pain did not stop 
with cessation of the exercise but persisted 
until the circulation was restored, at which 


point it subsided within a few seconds. 


The pain produced during the contractions 
in the above observations was deep, dull, and 
poorly localizable and was experienced in the 
area of the active muscles. Preceding the 
onset of pain, sensations of discomfort in the 
muscles were often noted. Deep tenderness in 
the contracting muscles could frequently be 
elicited just prior to the onset of pain and 
immediately following the disappearance of 
pain. 

Comment. — These observations indicate 
that strong rhythmic and sustained skeletal 
muscle contractions performed with blood 
flow intact are productive of pain with quali- 
tative and quantitative characteristics indis- 
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TABLE 1.—Comparison of Sustained Contractions at 


Maximum 
(16 Cm. Hg) 


— 
Cireulation Circulation 
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Different Contraction Strengths with Circulation 


Weak 
(5.5 Cm. Hg) 


Strong 
(11 Cm. Hg) 


Cireulation Circulation 


Cireulation Circulation 


Arrested Intact Arrested Intact Arrested Intact 
Pain threshold, sec.. 25 35 32 55 63 330 
Endurance, sec...... 80 92 130 155 320 More than 
25 min. 
tinguishable from ischemic muscle pain. The _ tact, a diminution of the contraction strength 


similarity in endurance, pain intensity, and 
pain threshold observed with intact blood 
flow and with occlusion suggests that a state 
of relative ischemia is a common denomi- 


nator in the two types of contractions. 


OF CONTRACTION STRENGTH TO 
PAIN THRESHOLD 


RELATION 


In Figure | it was noted that in the sus- 
tained contraction with the blood supply in- 


70 


PAIN THRESHOLD IN SECONDS 


| 
60) MAXIMUM 
CONTRACTION 


50 


40 


14 #13 


Circulation Intact—» 


i2 
CONTRACTION STRENGTH CM. HG. 


was associated with renewed and prolonged 
muscle endurance and a decrease in pain in- 
tensity. One possible explanation is that the 
involuntary decrease in contraction strength 
was associated with a relative increase in 
blood flow. 

The similarity between contractions under 
conditions of intact and occluded blood flow 
was found to be most marked in maximal 
contractions (Table 1, Fig. 2) and least evi- 


32 


—Circulation Arrested 


Fig. 2——Relation of contraction strength to pain threshold. 
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SKELETAL MUSCLE PAIN 

dent during weak contractions. In the weak, 
5.5-cm., contraction pain with circulation in- 
tact was of low intensity in comparison with 
done with circulation 


similar contractions 


occluded. 

Figure 2 shows the almost straight-line re- 
lationship which exists between the strength 
of a sustained contraction performed with 
circulation arrested and the pain threshold. 
A different curve is evident when the pain 
threshold is plotted against the contraction 
strength when the blood flow is intact. Values 
plotted are the averages of two determina- 
tions on one subject and are representative 
of the subjects studied. 


Comment.— It may be inierred from 


the pain-threshold and contraction-strength 
curves that the rate of the pain process, 


i. e., the rate of Factor P production, is pro- 


portional to the contraction strength, or rate 
of metabolism in the muscle. Under condi- 
tions of intact blood flow, weakly contracted 
muscle receives more blood than strongly 
contracted muscle. Consequently, more of 
the noxious, pain-producing factor is either 
dispersed or inactivated during a weak con- 
traction with intact blood flow than occurs 
during a strong contraction. Although it has 
been demonstrated that muscle blood flow 
during a weak contraction rises slightly 
above the base level,* it would appear that 
the increase is insufficient to meet the meta- 
bolic requirements of contracting muscle. 
The pain threshold, then, appears to be a 
function of contraction strength and muscle 
blood flow. 


MUSCLE 


SUSTAINED CONTRACTIONS 


SKELETAI TEMPERATURE CHANGES WITH 

The similarity of the pain threshold, pain 
intensity, and endurance for the maximal 
contractions observed above (Table 1) sug- 
gests that during a sustained contraction 
with intact blood flow the degree of ischemia 
is similar in magnitude to that occurring dur- 
ing a sustained contraction with circulation 
occluded. This, again, suggests that muscle 
contraction itself mechanically interferes with 


blood flow into the muscle and that the degree 


of vascular obstruction is proportional to the 
contraction strength. 

In an attempt to assess blood-flow changes 
in contracting skeletal muscles, a series of 
29 experiments with six subjects was per- 
formed in which muscle temperature in the 
forearm flexor muscles was measured during 
sustained contractions. In 19 of these experi- 
ments continuous rectal temperature deter- 
minations were done. Contractions ranging 
from 1 cm. to maximum contraction strength 
were performed. 

In experiments in which the contraction 
strength was approximately 50% or more ot 
maximum, there was an initial, short-lived 
The 
decrease in temperature was about 0.1 degree 


fall in muscle temperature (Fig. 3). 


(C) and extended for as long as 35 seconds, 
although in most contractions the tempera- 
ture the within 30 
seconds. No fall in temperature was seen at 
the 
contractions performed with the blood flow 


returned to base line 


onset of weak contractions or in any 
occluded. 

Muscle temperature rose after the imtial 
depression in the strong sustained contrac- 
tions (11 cm. Hg) with blood flow intact and 
immediately in the weaker contractions (5 
Hg). The 


rapidly and remained elevated for several 


cm. muscle temperature rose 
minutes at the conclusion of strong contrac- 
tions with intact blood flow and when the 
circulation was restored in contractions done 
with occluded blood flow. 

During two exercises involving strong 
contractions, the muscle temperature for a 
short time rose above the rectal temperature. 
(On these occasions cessation of the exercise 
brought with it a brief fall in temperature. 
With 
noted above, the muscle temperature was less 
the the 


blood entering the muscle may be assumed 


Comment. the two exceptions 


than rectal temperature. [lence, 


to be warmer than the muscles. Blood tem- 
perature in the brachial artery has been found 
under ordinary conditions to be within ap- 
proximately 1 degree of rectal temperature.t 
The brief muscle temperature depression 


~ References 10 and 11. 
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Fig. 3—Skeletal muscle temperature changes during weak and during strong contractions with 


circulation intact and with circulation arrested. 


occurring at the onset of strong contractions 
has been observed previously '* and is con- 
sidered to indicate a decrease in the blood 
flow. The temperature elevation following 
the exercise is attributed to the postcontrac- 
tion hyperemia § mediated by release of local 
vasodilating substances.|| Under conditions 
of both intact and occluded blood flow, the 
striking similarity between temperature 

13, and 14 

and 16. 


§ References 8, 


|| References 15 


36.0) 11 Cm. FOREARM CONTRACTION 


EVERY OTHER !0 SECONDS 


MUSCLE TEMPERATURE DEGREES C 


curves of the strong contractions and the 
marked difference between the temperature 
curves of the weak contractions (Fig. 3) 
suggest, egain, the relation between contrac- 
tion strength and muscle blood flow. 


SKELETAL Muscle TEMPERATURE CHANGES WITH 
RHYTHMIC EXERCISE 

Figure 4 records the muscle temperature 

changes occurring during rhythmic exercise. 

Two subjects performed eight experiments 

in which the forearm muscles were alter- 


CONTRACT 


RELAX 


10 


20 


60 70 80 90 


TIME iN SECONDS 


Fig. 4.—Skeletal muscle temperature changes during a rhythmic exercise. 
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nately contracted for 10 seconds and then 
allowed to rest 10 


seconds. For approxi- 
mately the first two minutes of the exercise, 
each contraction was associated with a fall 
in muscle temperature, with a rise in tem- 
perature during the relaxation period. The 
net change was a slow, stepladder-like rise 
in temperature. After two to three minutes, 
as muscle temperature approximated core 
temperature, the cyclic changes in muscle 


temperature became diminished in amplitude. 


ARRESTED 
4 


ot |i Cm. Hg. 

G 
N 

= 
| Base Line Temp. 
Degrees 


CIRCULATION INTACT 
| STRONG CONTRACTION 


been recorded. The values plotted are the 
averages of from two to eight experiments 
performed for each type of exercise 

The temperature of the water bath was 
held constant during each experiment but 
varied from experiment to experiment within 
the ranges of 40 to 44 C and 12 to 20 C. 
In the hot-water bath muscle temperature 
was higher than the core temperature, and 
was lower than the core temperature in the 
cold-water experiments. Strong contractions 


CIRCULATION ARRESTED 
STRONG CONTRACTION 
; at ll Cm. Hg 


CIRCULATION INTACT 
WEAK 

| CONTRACTION 

} ot 5 Cm.Hg 
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Fig. 5.—Initial muscle temperature changes during sustained contractions with forearm in 
cold- and in hot-water baths. 


‘omment.—Grant,* using a_plethysmo- 


graph to determine forearm blood flow 
during rhythmic exercise, has demonstrated 
a similar progressive increase in blood flow 
between contractions and a relative diminu- 


tion during the contraction itself. 


INITIAL SKELETAL MUSCLE TEMPERATURE CHANGES 
IN SUSTAINED CONTRACTIONS WITH THE FOorE- 
ARM IN Hot- AND CoLp-WATER BATHS 

In Figure 5 the alterations in the muscle 
temperature observed to occur within the 
first two minutes of sustained contractions 


performed in hot- and cold-water baths have 


were of 1l-cm. strength, and the weak con- 
tractions were of 4 cm. strength. 

In the hot-water-bath experiments arrest 
of the circulation allowed the muscle to gain 
heat. The greatest temperature elevation was 
noted when the heat produced by a strong 
contraction was added to the heat of muscle 
with its circulation occluded. It is inferred 
that the slight fall in temperature in the 
weak contraction brought 


was about by 


increased blood flow. 
In the cold-water-bath experiments arrest 
of the circulation deprived the muscle of 
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The 
decreased blood flow, as indicated by the 


blood-flow heat. strong contractions 
temperature fall. A later rise in temperature 
probably represented heat from the contrac- 
tion. The weak contraction produced a rise 
in temperature, presumably resulting from 
the heat of contraction and heat from the 
relative increase in blood flow. 

Comment.—The basic assumption under- 
lying these experiments is that increasing 
the blood supply to a part of the body at a 
temperature different from core temperature 
tends to bring the temperature of the part 
into equilibrium with core temperature.{ 
These observations, and those of Barcroft 
and Miller,’ afford evidence of the barrier 
to the muscle blood flow produced by sus- 
tained muscle contractions. 


TasLe 2.—Pain Threshold and Muscle Temperature 
with Intact 
(All Contractions at 11 cm. Hg) 


Circulation 


Pain 
Average Muscle Threshold, 
Temperature See 


Environmental 
Temperature 
Water bath at 42 C 37 y 77 
Room air at 26 C 35 } 57 
Water bath at 20 C } 33 


Water bath at 15 C No pain 


INFLUENCE OF MUSCLE BLOOD FLOW AND 


VENOUS STASIS ON PAIN PRODUCTION 


IN SKELETAL MUSCLE 

INFLUENCE OF BLoop FLow on MUSCLE PAIN 

With blood flow intact, 11-cm. contractions 
were performed with the forearm immersed 
hot- and in a The 
temperature the the 
same as those described in the preceding 
the 


opposite arm, exposed at room temperature. 


in a cold-water bath. 


and conditions were 


section. Control tests were done on 

The results are tabulated in Table 2. In 
the hot water the average pain threshold was 
77 seconds, with a range of 62 to 97 seconds. 
\fter 15 the cold- 


water bath, the average pain threshold was 


minutes’ immersion in 
33 seconds, with a range of 31 to 35 seconds. 
Pain threshold values, however, rose after 
longer periods of immersion in the cold- 
water bath, and after 30 minutes of immer- 


© References 10 and 11. 
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sion in a bath at 15 C no pain whatever was 
felt when the forearm was contracted. 
Comment.—Other studies # have shown 
that water bath at 45 (¢ 
increases blood flow by three to five times 
water bath at 20 C 
reduces flow to less than one-half the resting 


immersion in a 
the resting level. A 


value. The lack of pain during the sustained 
contraction performed after 30 minutes of 
immersion in the cold-water bath may be 
explained by the anesthesia of peripheral 
nerves which follows prolonged cooling.* 
From the foregoing results one may infer 
that reducing muscle blood flow promotes the 
appearance of pain in the muscle, whereas 


increasing muscle blood flow delays the pain 


process. Kellgren+ has reported observa- 
tions in which short periods of vascular 
occlusion or cooling intensified the pain 
associated with various traumatic and infec 
tious processes. In addition, he noted pro- 
longed intense pain in conditions with deep 


hyperalgesia when the part was cooled. 


Errect oF VENOUS STASIS ON MusSCLE 

The relationship of venous stasis to the 
development of pain in contracting muscle 
was evaluated in two subjects. Moderately 
intense muscle pain was produced by a sus- 
tained contraction performed while blood 
How was occluded by a sphygmomanometer 
cuff inflated to 200 mm. Hg. The pressure 
in the sphygmomanometer cuff was then 
slowly released (Fig. 6). No change in pain 
intensity was noted until the arterial blood 
flow was reestablished, at approximately 120 
mm. Hg. At that point a slight decrease in 
pain intensity occurred. Between pressures 
of 120 and 45 mm. Hg there developed 
progressive engorgement of the veins, during 
which period the pain persisted unchanged. 
Pain disappeared when cuff pressures be 
tween 55 and 35 mm. Hg were reached, at 
which time the veins began to empty. Venous 
distention alone was not productive of pain. 
This was demonstrated by repeating the 
experiments with the contraction omitted 

# References 17 to 19. 


* References 20 and 21. 
+ References 22 and 23. 
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Fig. 6. 


Ten 1l-cm., sustained contractions were 
performed with the sphygmomanometer at 
a pressure of 70 mm. Hg, a pressure which 
allows arterial blood to enter, but prevents 
venous blood from leaving, the arm. Pain 
threshold in these experiments averaged 35 
seconds in one subject. The pain threshold 
in the same subject for the same strength 
contraction with the circulation unimpaired 
was 60 seconds. 

Comment.—V enous return depends on the 
massaging effect of intermittently contracting 
muscles. Sustained contractions, on the con- 
trary, impede blood flow and lead to venous 
stasis. Obstruction to either arterial or 
venous blood flow, then, promotes the ap- 


pearance of pain in contracting muscle. 


COMPARISON OF FATIGUE AND PAIN IN SKELE- 


TAL MUSCLE AND THEIR RELATION 
TO MUSCLE BLOOD FLOW 
Strong forearm contractions were per- 


formed until pain was moderately severe and 


the contractions could no longer be main- 


ARTERIAL FLOW 
REESTABLISHED 


o--0o--o OCCLUSION, NO CONTRACTION 
@—e—e OCCLUSION PLUS CONTRACTION 


in Minutes 


-The relationship of venous stasis to the development of pain in contracting muscle. 


tained. Then, when the circulation was oc- 
cluded, there was no diminution of either pain 
or fatigue.** These observations indicate 
that fatigue, at least under these conditions, 
is, like the stimulus for pain, a peripheral 
phenomenon. 

In Figure 7 are compared blood flow, 


muscle temperature, pain threshold, and 
endurance changes during a sustained 11-cm. 
contraction held to endurance. The control 
pain threshold for the subject was 60 seconds, 


the 160 
seconds. The figures for the blood flow are 


and control endurance time was 
adapted from the plethysmographic studies 
of forearm volume changes during sustained 
contractions reported by Grant.® 

An endurance contraction was performed 
and was followed by a rest pause of specified 
duration. Then another endurance contrac- 
tion was done. At no less than 20-minute 
the 


were repeated, each time with a slightly 


intervals two endurance contractions 
longer rest pause between contractions. The 
pain threshold and endurance time of the 
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CORRELATION BETWEEN MUSCLE BLOOD FLOW 


AND RECOVERY RATE FOR 
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Fig. 7—Comparison of pain threshold, endurance, forearm volume changes (blood flow), and 
muscle temperature during and following a sustained contraction held for maximum duration. 
Blood flow changes have been adapted from Grant.® 


second contraction in each exercise are 


plotted in a manner to show the recovery of 
muscle from fatigue and pain induced by a 
strong contraction. 

The close parallelism between postcontrac- 
tion hyperemia and recovery curves of en- 
durance and pain threshold is_ striking. 
Within the first 30 seconds of the recovery 
period—the period of maximum blood flow 

the endurance and pain threshold have 
risen to 75 seconds and 25 seconds, respec- 
tively, or almost half the normal values. 

Comment.—These data indicate that the 
postcontraction recovery periods of skeletal 
muscle from pain and from fatigue run a 
similar course and that the recovery rate is 
roughly proportional to the magnitude of 
blood flow. 


SKELETAL 
V ARIATIONS 


MUSCLE ACTIVITY PATTERNS 
Rest-Pause Duration, PArtn 

THRESHOLD, AND ENDURANCE IN INTER- 

MITTENT CONTRACTIONS 

In the section on rhythmic contractions it 
was pointed out that the resting phase of an 
intermittent contraction brings about in- 
creased blood flow. In the following experi- 
ments (Fig. 8) are demonstrated the effects 
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of changes in the length of the rest pause on 
the pain threshold and on endurance. All 
contractions were of 11l-cm. strength. 

It was possible to continue for 48 minutes 
an exercise consisting of 20-second contrac- 
tion periods and rest pauses of 10 seconds. 
Toward the end of this period continuous 
tenderness and pain were present. The arm 
appeared and felt swollen. In 
another experiment, reduction of the relaxa- 


firm and 
tion period to five seconds shortened the 
contraction endurance from 48 minutes to 
In with the 
shorter rest pauses the pain threshold and 
endurance decreased rapidly to the point 


6% minutes. the exercises 


where the contraction could no longer be 
held. 


Comment.—The retention of fluid and 
electrolytes within the active muscles during 
and after prolonged intermittent contractions 
described by other investigators °° may ex- 
plain in part the swelling observed. When 
a standard contraction is repeated without 
an adequate intervening rest period, the pain 
in the second contraction comes on much 
sooner ; and the shorter the rest period, the 
earlier the onset of pain in the succeeding 


contraction. This would indicate that cessa- 
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Fig. 8.—The relation of changes in rest-pause duration during intermittent contractions to 


pain threshold and endurance. 


tion of contraction is accompanied by a dimi- 
nution of Factor P concentration rather than 
by complete recovery of the muscle. 

The spacing and duration of muscle relaxa- 
tion pauses during contractions are important 
factors in muscle economy. Anerobic chemi- 
cal reactions provide the muscle with energy 
for only short periods, whereas contractions 
in which rest pauses are sufficiently long to 
insure adequate blood flow and oxygenation 
provide the muscle aerobic energy sources 
for prolonged periods. Prolonged skeletal 
muscle activity requiring predominantly ana- 
erobic mechanisms for contraction energy, 
i. €., contractions performed with brief or 
no rest pauses, is costly in terms of early 
fatigue and pain. 

RECAPITULATION AND COMMENT 

Skeletal muscle pain and tenderness pre- 
dictably occur during sustained or prolonged 
intermittent muscle contractions. The thresh- 
old (time interval between start of contrac- 
tion and onset of pain) and the intensity of 
the pain are directly related to the strength 
of the muscle contraction. With strong con- 
tractions the onset of pain occurs quickly 
and its intensity is high. With weaker con- 


tractions the onset of pain is delayed and its 
intensity The that 
development of muscle fatigue parallels the 


relatively low. fact 
genesis of pain precludes the possibility of a 
strong contraction, and hence high-intensity 
pain, continuing over long periods of time. 
Relaxation of the active muscles is accom- 
panied by prompt disappearance of the pain. 
The tenderness of hyperalgesia which almost 
invariably accompanies the pain may persist, 
however, after pain has subsided. 

The mechanisms involved in the pain proc- 
ess pertain to the circulatory and metabolic 
The 
actual process of contraction, by obstructing 


dynamics of skeletal muscle activity. 


mechanically the vessels supplying the mus- 
cles with blood, renders the muscle relatively 
ischemic for the duration of the contraction. 
The degree of ischemia, as determined by a 
variety of blood-flow experiments, is ap- 
proximately proportional to the contraction 
strength, a strongly contracting muscle being 
almost completely ischemic. The increase in 
blood flow which accompanies muscle activity 
takes place predominantly during the periods 
of relaxation occurring between contractions. 
Thus, depending on the form, duration, and 
intensity of motor activity, the muscle may 
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be relatively ischemic over a long time inter- 
val. This prolonged state of anaerobic activ- 
ity allows for the shift of electrolytes across 
the cell membrane or accumulation within 
the muscle of metabolic products which 
would otherwise have been dissipated in the 
presence of adequate blood flow. One may 
speculate that tissue damage ** of an ordi- 
narily reversible nature, such as, for example, 
the shift of potassium across the cell mem- 
brane during ischemia or contraction, may 
be the adequate stimulus for skeletal muscle 
pain 

Kvidence for the nature of Factor P has 
accumulated from the work of Lewis, Perlow, 


and associates t and our own. It has been 
shown that Factor P accumulates in ischemic 
muscle, the rate of production being much 
The 


process is rapidly reversible in the presence 


faster in contracting skeletal muscle. 


of fresh blood supply. The concentration of 
Factor P depends on the strength and dura- 
tion of the contraction and the rate of blood 
flow. Agents suggested to be Factor P in- 
clude anoxia,§ acid metabolites,|| products of 
tissue acid,{ hista- 


injuries, phosphoric 


mine,*° and potassium.# 

The role of anoxia* in production of 
muscle pain is disputed. Kissin ** reportec 
significantly a lower pain threshold during 


muscle contractions performed by subjects 


breathing atmospheres of low oxygen tension. 
Pickering and Wayne “* found a lower pain 
threshold in contracting muscle of anemic 
patients 

Lang ** showed that the maximum depres- 
sion in muscle pH, total carbon dioxide, and 
lactic acid occurred some time after resump- 
tion of blood flow following a contraction. 
It is unlikely, then, that these factors could 
account for muscle pain, since pain is maxi- 
mum at the end of exercise and rapidly dis- 


appears with resumption of blood flow. 


t References 27 to 29. 
§ References 30 and 31. 
|| References 32 to 34. 
{ References 21 and 22. 
# References 36 and 37. 


* References 29, 30, and 35. 
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Studies of imtracellular and extracellular 
potassium shifts in relation to muscle blood 
flow, ischemia, and muscle contraction indi- 
cate that potassium has many of the proper- 
ties of the postulated Factor P. Both exer- 


16 


cise ?® and ischemia *® have been found to 


bring about release of potassium from 


muscles. 


The duration of stimulation and strength 
of muscle contraction are directly related to 
the 
The rate with which potassium 


the amount of potassium loss from 
muscle.*° 
was lost from muscle according to other 
investigations paralleled the rate of blood 
flow.*! 

Injected intra-arterially, potassium pro- 
vokes severe pain in skeletal muscle qualita- 
tively similar to ischemic muscle _pain.*’ 
Potassium shifts across the cell membrane 
during ischemia or contraction may also be 
muscle 


implicated in the production of 


fatigue. Recent evidence indicates that the 
site of fatigue is peripheral.** The fact that 
paresis occurs with either hypo- or hyper- 
kalemia suggests disturbance of a common 
physiologic function. Several studies ¢ have 
shown that the membrane potential of both 
nerve and muscle is determined by the ratio 
of potassium inside to potassium outside the 
fibers. Raising the intracellular potassium 
the 
excitability and the membrane potential.** 


concentration, it was found, reduced 
Intracellular and extracellular potassium are 


in constant interchange,*® but energy is 
required to maintain the concentration gra- 


dient across the cell membrane. 


In Addison’s disease there is a high blood 


level of potassium and muscle weakness. 
Attacks of paralysis are associated with low 
blood potassium levels in familial periodic 
paralysis. Calhoun and associates t found 
low cardiac muscle potassium in congestive 
heart failure and decreased skeletal muscle 
potassium in skeletal muscles which have 


been overworked. 


+ References 42 to 44. 
t References 46 and 47. 
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SKELETAL MUSCLE PAIN 


SUMMARY 

Pain and tenderness predictably occur 
during sustained and intermittent contrac- 
tions of forearm skeletal muscles performed 
with circulation intact and are qualitatively 
identical with ischemic muscle pain. 

Threshold and intensity of pain and endur- 
ance of contraction are directly related to the 


contraction strength. With a strong and 
sustained contraction they are of similar 


magnitude with circulation intact and with 
circulation occluded. With circulation intact, 
progressively weaker sustained contractions 
are associated with longer endurance, higher 
pain thresholds, and lower pain intensities 
than are observed in similar experiments 
with occluded circulation. In rhythmic exer 
blood flow 


greater, pain threshold higher, and pain in 


cises with intact endurance 1s 
tensity lower than in sustained contractions 
of similar strength. 

Data from experiments in which muscle 
temperature was used as an index of blood 
How indicate that tonically contracted muscles 
are relatively ischemic, the degree of ische- 
mia being proportional to the contraction 
strength. Hyperemia follows strong contrac- 
tions and occurs during the rest pauses of 
rhythmic exercises. 

Return of the lowered muscle pain thresh- 
old to control resting levels parallels the rate 
of recovery from fatigue and is proportional 
to the 
blood flow. 


magnitude of the postcontraction 

It is postulated that during the period of 
relative ischemia which accompanies con- 
tracting skeletal muscles there are produced 
noxious metabolites (Factor P of Lewis), 
capable of engendering pain. The accumula- 
tion of these substances in concentrations 
sufficient to exceed the pain threshold de- 
pends on the form, intensity, and duration 
of contraction. 

The that 


muscle potassium is the pain factor, or one 


available evidence indicates 


of its important components. 
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Srregular O 


Such Fluctuations as a Measure of Dysfunction of Cerebrovascular Episodes, 


Pseudotumor Cerebri, and Head Injury 


ARTHUR ECKER, M.D., Syracuse, N. Y. 


In some patients with increased intra- 
cranial pressure there are irregular rapid 
fluctuations of the pressure. They can be 
found in the course of routine lumbar punc- 
ture in quiet (or sedated) patients by ob- 
serving the pressure for a few minutes. 
These pressure changes have been men- 
tioned, briefly and without explanation, in 
reports of cases of severe head injury,* 
brain tumor,7 cerebral pseudotumor,t and 
acute cerebral vascular disease.“ The pur- 
pose of the present study is to seek the 


origin and significance of these fluctuations. 
THE CEREBROSPINAL DURA AS AN ONCOMETER 
with life, 


the cerebrospinal dura is essentially not dis- 
tensible.* It 


Under pressures compatible 


central nervous 
fluid (CSF), 
blood, all of which are practically incom- 


contains the 


system, cerebrospinal and 
pressible. The CSF pressure is the sum of 
the partial tensions exerted by neural tissue, 
CSF, and intradural blood. The sudden rises 
and falls in pressure which are the subject 
of this study are not likely to be caused by 
changes in volume of neural tissue (that is, 


Received for publication April 12, 1955. 

From the Syracuse Memorial Hospital and the 
State University of New York at Syracuse Col- 
lege of Medicine. 

* References 1 and 2. Grant, F. C., in discussion 
on Bragdon,? p. 559. 

+ References 1, 2, and 3 

t References 4 and 5. 


cerebral edema) or of CSF.$ On the con 
trary, they could readily result from changes 
blood vessels- 


in volume of intradural 


arterial or venous or both. 


the 
as the chamber of an oncometer or plethys- 


Since 1887 § dura has been used 
mograph to determine changes in the volume 
of intradural blood. The sensitivity of this 
method of determining rapid changes in 
intradural blood volume may be impaired 
by low or normal CSF pressure, leakage 
around the needle, and/or the narrow bore 


of the lumbar puncture needle. 

When the CSF pressure is normal (80 
to 180 mm. of water), the spinal dura and 
cerebral veins are slack.|| Under these con- 
ditions rapid changes of intradural blood 
volume will be partly absorbed by changes 
in volume of the veins 


cerebral and ir 


distention of spinal dura. In other words 


the CSF pressure changes will be damped 


The dura, however, can be made a more 
sensitive oncometer either by introducing 
a few cubic centimeters of saline or Ringer’s 
solution through the spinal needle or by 
elevating the patient’s head and trunk in 
order to raise the CSF pressure to a level 
above 200 mm. 


Occasionally spinal fluid will leak around 
the site of dural puncture into the epidural 
12 


space.’ Such a condition is indicated by 


§ Falkenheim and Naunyn,® cited by Hill, L.: 
Che Physiology and Pathology of the Cerebral Cir- 
culation: An Experimental Research, London, J. & 
A. Churchill, Ltd., 1896. 


| References 10 and 11. 
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a progressive drop in mean CSF pressure 
in the course of the observations (Fig. 1). 
Because of this possibility, one should record 


only rises, rather than falls, of CSF pressure 


in determining fluctuations ascribed to 
changes in the intradural blood volume (and 
cerebral vascular tonus). 

©’Connell demonstrated the damping 


etfect of narrow bore of a lumbar punc- 
ture needle in demonstrating rapid changes 
of CSF pressure. For example, a 100 mm. 
shift in pressure in three-second cycles was 
recorded as a change of only 2-3 mm. in a 
manometer attached to a lumbar puncture 
Nevertheless, the 


needle fluctuations of 


Fig. 1 (Case 1; age 66).—Fluctuations of CSF 
pressure, three days after stroke. The gradually 
descending curve indicates a leak of cerebrospinal 
fluid around the needle into the epidural space 


CSF pressure which are the subject of this 
study are so great that they cause observable 
changes of over 20 mm. under such circum- 
stances, often in a fraction of a_ second. 
The true changes of pressure are so great. 
therefore, that the routine lumbar puncture 
needle of 18 g or 20 g is adequate for present 
purposes. 


\ny 


such as that produced by coughing, jugular 


rise in intradural venous volume. 


compression, or abdominal compression, will 


be followed by a rise in mean CSF pressure. 


Therefore, one disregards sudden CSI 


pressure rises associated with such obvious 


sources of error. 
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METHOD AND OBSERVATIONS 


In the course of routine lumbar puncture with 
an I8- or a 20-gauge needle and the usual glass 
Fleischer 
observed by Dr. P. 


Schaerer or me for five minutes. 


vertical, stand-pipe manometer of the 


type, the pressure was 
The patient was 
lying on his side, with head in line with his body 
ind no pressure on the neck or abdomen. We 
called oft 


the case of 


assistant. In 
tried to 


pressure readings to an 


fluctuating pressures, we 
fluid 
from less than a 

fluid 
paused for a moment 
lf the 


vigorously, no reading was recorded 


record high and low levels. These levels 


were reached in second to ove! 


15 seconds. The often rose (or fell) and 


then continued on its course 


patient strained, moved, coughed, or spoke 


All patients 
were awake and cooperative except for three, wh 


had been restless, and therefore had been put to 


sleep by intravenous amobarbital (Amytal) sodium 
or thiopental (Pentothal). 


These observations were made in 44 successive 


appropriate cases in a neurosurgical service in the 


past two years. If there was fluctuation of the 


CSF pressure of at least 20 mm. (readings being 


recorded only of a rise in to avoid the 
leakage), the 
There 
added 


positive, 


pressure, 


error caused by epidural reading 


was considered positive were 21 positive 


cases, to which I have 3 cases of pseudo- 


tumor cerebri, all from 


23 


former years 


There were negative cases, or controls 


Negative Cases (Controls).—There were 


23 cases with spontaneous fluctuations of 


less than 20 mm. In all but four cases the 
original pressure was less than 200 mm. 
In 12 of the cases with low or normal pres- 


sure, isotonic saline solution was added in 


increments of 2 cc. to raise the pressure 
to a jevel over 200 mm. and thus distend 
the dura, making it more sensitive as an 
oncometer. The pressure was raised to over 
300 mm. in four of these cases and to 
520 mm. in a fifth. However, in only 1 of 
these 12 cases in which pressure was raised, 
and in 1 in which the original pressure was 
285 mm., did there result a fluctuation of 
over 20 mm. These cases are described in 
the third paragraph to follow. 

The final clinical diagnoses were arterio- 
venous malformation (without recent hemor- 
rhage), acute cerebral vascular episode 

third 


ventricle, acoustic nerve tumor, retrobulbar 


(four cases), colloid cyst of the 


neuritis, psychoneurosis (four cases), post- 


| 
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operative subdural hematoma with cerebral 
collapse, cerebral atrophy (two cases), 
cerebellar atrophy, amyotrophic lateral scle- 
rosis, traumatic cerebral edema in a child, 
multiple sclerosis (two cases), thrombosis 
of the internal carotid artery, meningioma, 


and neuronitis. 


In one case of nontraumatic subarachnoid 
hemorrhage in a hypertensive adult, the 
original CSF pressure was over 600 mm. 
of water at the time the patient’s blood 
pressure was 260/120 mm. Hg. The systemic 
blood pressure was lowered to 65/10 by an 
intravenous injection of hexamethonium. At 
the same time the spinal fluid pressure fell 
part passu to 400 mm. of water. At no time 
was there any appreciable fluctuation of the 
spinal fluid pressure. The patient died a few 
minutes after this procedure. Autopsy dis- 
closed intracerebral and_ intraventricular 
hemorrhage, as well as marked herniation 
of the into the foramen 
magnum. It is probable that this cerebellar 
impaction prevented transmittal of any rapid 
fluctuation of (or CSF) 


cerebellar tonsils 


intracranial pres- 


sure into the spinal canal. 
CSI 


pressure fluctuations were less than 20 mm., 


Among the controls, where the 


there were three cases of acute cerebral 
vascular disorder. These readings were made 
on the 9th, 15th, and 30th days, respectively, 
after the stroke. In one ‘case, in which the 
lumbar puncture was made on the 9th day, 
280 


was intro- 


the pressure fluctuated between and 
290 mm. When 
duced into the spinal canal, the pressure 
400 and 446 


In the second case, in which lumbar punc- 


saline solution 


then fluctuated between mm. 
ture was made on the 15th day after the 
stroke, the initial CSF pressure was steady 
at 92 mm. When saline solution was added, 
270 


which the 


fluctuated between and 


last 


the pressure 
300 


pressure 


mm. In the case, in 


was measured 30 days after the 


stroke, the pressure was steady at 260 mm. 
Cases. 


Positive There were 21 positive 


cases—that is, spontaneous fluctuation of 


over 20 mm. of CSF pressure—observed in 


the past two years. I have added three cases 


FLUCTUATION 


of pseudotumor cerebri observed previously. 
In all of these 24 cases the original pressure 
was over 180 mm. of water. 

In five 


cases of the series in 


marked 


present 
fluctuations observed 


at the initial reading 


which were 


(average 53 mm.), 


smaller fluctuations were found at lower 


pressures after 10 cc. was removed (aver- 
age 23 mm.) (Figs. 3, 4, and 5). On the 
other hand, in three cases greater fluctua- 
tions were observed at higher pressures 
produced by injection of a few cubic centi- 
meters of saline solution. These observations 
indicate that the cerebrospinal dura is a 
more sensitive oncometer at higher pres- 
sures (generally between 200 and 400 mm. 


? ? 


Fig. 2 (Case 2; age 27).—Fluctuations of CSF 
pressure. The pressure rose from 310 to 410 mm., 
a range of 100 mm. The patient was still uncon- 
scious at the time of this examination, three days 
after severe blunt head injury. At a later examina- 
tion, 17 days after the injury, the range of fluctua- 
tions of CSF pressure was less than 5 mm., even 
when the patient’s head and shoulders were elevated, 
so that the mean pressure was over 300 mm. 


of water) than at lower (generally below 
200 mm. ). 

These cases, and some from the literature, 
will be considered under the following clini- 
cal headings : trauma (2 cases), pseudotumor 


cerebri (3 cases), cerebral vascular dis- 
orders (13 cases), and miscellaneous disor- 
ders (6 cases including 2 brain tumors). 
Trauma: In 1945 it was suggested ** that 
in a blunt head injury traction on the 
carotid artery either in the neck or in the 
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Fig. 3 (Case 3; age 15).—Fluctuations of CSF 
pressure, in a case of gunshot wound of the face 
and neck, with cerebral symptoms ascribed to 
spasm of the carotid artery, described in the text. 


resulted in arterial 
spasm, which could produce ischemia of the 
brain. Lohr? 


subarachnoid space 
showed constriction and in- 
creased resistance of the cerebral 
angiographically in cases of cerebral con- 


arteries 


tusion. Grant] and Bragdon? noted un- 
explained major oscillations in spinal fluid 
pressure in patients following acute head 
injury. The latter noted that these oscilla- 
tions occurred only when the CSF pressure 
than 20 and 
published graphs of them. I have confirmed 
CSF observations 


was more mm. of mercury 


these in a number of 


{ Reference 1. Grant, F. C., in discussion on 


Bragdon.? 
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Fig. 4 (Case 4; age 71).—Fluctuations of CSF 
pressure, 16 hours after cerebral stroke. 
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cases of cerebral contusion (not included 
in the present series except for Figure 2). 
When the head of the bed was elevated, 
not only mean CSF pressure but also range 
of fluctuation increased in some cases. 
Furthermore, as time passed, in these 
traumatic cases, both mean CSF pressure 
and range of fluctuation tended to become 
lower. 

One case of the present series was a 
15-year-old youth who suffered a gunshot 
wound of the face and neck. The wound 
of entry was at the lower edge of the right 
orbit and the wound of exit 4 cm. to the 
right of the interspace between the spinous 
processes of the third and fourth cervical 


CSF PRESSURE FLUCTUATION 


Fig. 5 (Case 5; age 62).—Fluctuations of CSF 
pressure, 18 hours aiter cerebral stroke. 


vertebrae. There were immediate uncon 
sciousness, left hemiplegia, and aphasia; the 
boy was left-handed. There was no demon- 
strable fracture, the 
Thirty-three hours after he was wounded 
the CSF fluctuated between 200 
and 278 mm. of water. Eight days after 
injury the initial pressure of spinal fluid 


fluctuated between 156 and 176 mm. (Fig. 


except of maxilla 


pressure 


3). Two months after onset the patient had 
made a complete clinical recovery. His spinal 
fluid pressure was 168 mm. of water, and 
it did not fluctuate. When the patient sat 
up, his CSF pressure was 484 mm. of water. 
with fluctuations of less than 2 mm. This 
case was considered one of traumatic spasm 
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of the internal carotid artery in the neck, 


which extended to its cerebral branches. 


Comment. These data suggest that ex- 


cessive cerebral vasoactivity is often present 
following severe craniocervical trauma. It 
tends to diminish with time. It may have 
produced enough cerebral ischemia at the 
time of the original trauma to result in 
cerebral dysfunction. 

Pseudotumor Cerebri: In 1931 Egas 
Moniz ** described a series of cases in which 
there was papilledema of unknown cause. 
Arteriograms failed intermittently to reveal 
the bifurcation of the internal carotid artery. 
On other occasions the arteriograms were 
normal. I interpret these observations as 
indicating 


the internal 


carotid artery or its branches.’ 


pseudospasm of 
In 1937 Dandy® reported 22 cases of 


pseudotumor cerebri. These cases were 
marked by increased intracranial pressure 
of varying intensity, which lasted for months 
or years. He emphasized that the degree 
of intracranial pressure varied extremely 
over a period of a few minutes. He thought 
that these rapid alterations of pressure could 
hardly be explained except by “variations 
in the vascular bed.” 

Recently thrombosis of the superior longi- 
tudinal found in cases of 
pseudotumor cerebri.# However, in at least 


two of these cases carotid arterial throm- 


sinus has been 


bosis was shown angiographically.* It is 
not possible to say which came first, the 
arterial or the venous thrombosis.*° 

In my three cases of pseudotumor cerebri 
there were marked spontaneous fluctuations 
of the cerebrospinal fluid pressure: In the 
first case it fluctuated 190 mm. (from 410 
to 600 mm.) of water, and as much as 60 
the 
the pressure alternated 40 mm. (from 246 
to 286 mm. of In the third case 
the CSF pressure (with patient horizontal) 
had a range of 60 mm. (from 320 to 380 
mm. of water) ; with the patient sitting up, 


mm. in four seconds. In second case 


water ). 


# References 18 and 19. 


* References 19 and 20. 
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(from 70 
within two seconds. 


there were variations of 80 mm. 


to 150 mm. of water) 


Angiography in these three patients re- 
vealed pseudospasm in one + and normal 
arterial filling in the other two. These pa- 
tients have been followed for 4, 13, and 6 
years, respectively, with gradual subsidence 
of the papilledema. All are now in good 
health. Gardner has observed similar marked, 
apparently spontaneous, fluctuations of CSF 
pressure in cases of pseudotumor cerebri.t 
Comment. These data tend to confirm 
Dandy’s opinion that there is disordered or 
excessive cerebral vasoactivity in some cases 
of pseudotumor cerebri. 

Disorders: In the 
present series there were 14 cases of sudden 


Cerebral Vascular 
cerebrovascular dysfunction. Of these, there 
were 10 of hemiparesis, suggestive of a 
supratentorial lesion, and 4 in which there 
was disorder of external ocular movements, 
suggestive of a brain stem lesion. In 10 
cases there was blood in the cerebrospinal 
fluid at the time of the original puncture. 
Hypertension, at least intermittent, was 
known in 11 of these cases. 

\ngiograms were made in six of these 
definite evidence of 
arterial spasm '? in three cases and evidence 


cases and _ revealed 
suggestive of spasm in two. In the sixth 
case there was occlusion indicative of throm- 
bosis of the internal carotid artery near its 
origin; hence the cerebral arteries were not 
visualized. 

Fluctuation in the initial cerebrospinal 
fluid pressure was 20 mm. or more in 10 
of these cases, and they, therefore, belong 
in the positive series (Figs. 4 and 5). The 
higher fluctuations were found when the 
puncture was made within a few days of 
the stroke, especially within the first 24 
hours. The readings in the positive cases 
were all made within 25 days of the stroke 
except for one, which was made four months 
later. Of the four negative cases, as men- 
tioned previously, two displayed fluctuations 


+ References 17 and 21. 


t References 4 and 5. 
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of CSF pressure exceeding 20 mm. when 
the mean CSF pressure was raised. 

The observation of fluctua- 
tions in CSF pressure soon after an acute 


Comment. 


cerebrovascular disorder 
the 


(stroke) confirms 


excessive cerebral vasoactivity which 


previously had been recognized clini- 
cally,** angiographically,§ electroencephalo- 
graphically,** neuropathologically,|| and ex- 
perimentally.§ 

Miscellaneous Disorders, Including Brain 
Tumors: Occasionally extreme fluctuation 
of CSF pressure has been described in the 
presence of a brain tumor. Grant’s patient,’ 
with craniopharyngioma, had unexplained 
brief rises of CSF pressure of from 150 to 
400 mm. of water while apparently physically 
and mentally composed. Bragdon’s patient,’ 
with a brain tumor, had a basic CSF pressure 
of 50 mm. of mercury (680 mm. of water), 
which occasionally spontaneously exceeded 
90 mm. of mercury (1224 mm. of water). 
Gardner and others* described similar un- 
explained fluctuations of CSF pressure on 
two occasions in a patient with an acoustic 
nerve the 


cases ot 


tumor. In present series there 


were two brain tumor in which 


the CSF pressure fluctuated more than 20 
mm. of water. 


with more than 20 mm. of 


CSF 


Other cases 
fluctuation of included one 


patient with cerebral atrophy and epilepsy, 


pressure 


one with multiple sclerosis, one with hydro- 
cephalus and aqueductal stenosis, and one 
with duodenal ulcer. 

Comment. Apparently, increased cerebral 
vasoactivity, while producing excessive fluc- 
tuations of CSF pressure, may be essentially 
asymptomatic and nonpathogenic. 


COM MENT 
In certain pharmacodynamic situations 
there is a parallel relationship between CSF 
arterial pulsations and mean CSF pressure. 
For example, both increase after the intra- 
venous injection of histamine # or the in- 


§ References 6 


| References 25 
28 and 29. 
# References 30 to ; 
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halation of COs. Guillaume and Janny ** 
published such a curve in association with 
flushing of the face. In these situations there 
is a rise in the volume of intradural arterial 
(probably arteriolar) blood from each heart 
beat. These changes probably also occur 
soon after some epileptic seizures in which 
both the pial arteries and the entire cerebral 
hemisphere are seen to pulsate excessively.** 
On the contrary, both the amplitude of CSF 
arterial pulsation and the mean CSF pres- 
sure during attacks of migraine were dimin 
ished by the injection of ergotamine.*® These 
oscillations of CSF pressure are rhythmical 
and indicate generalized or 
cerebral arterial activity. 


synchronous 


Guillaume and Janny recorded intraven 
tricular pressure for long periods.** They 
observed large spontaneous oscillations in 
pressure, which occurred with a frequency 
of 0.5 to 12 per minute (that is, with cycles 
of 120 to 5 seconds) in sporadic outbursts, 
lasting from minutes to hours. These changes 
in pressure were ascribed to “autonomous 
vasomotricity” and were not associated with 
any the the 
observed fluctuations in 
lumbar CSF pressure during sleep in 16 of 


variation in clinical state of 


patient. Vujic 
103 patients. These pressure changes lasted 
10 to 90 


mm. high; in these patients when awake the 


20 to 40 seconds and were from 


fluctuations did not exceed 20 mm. of water 
Others have essentially confirmed thes« 
observations. 
Fluctuations in CSF indicate 
changes in total intradural blood volume, 


pressure 


that is, an algebraic sum of increases and 
decreases of blood volume in different topo 
graphic regions of the brain. In other words, 
small changes tend to cancel each other; 
only net differences in intradural blood vol- 
ume alterations of CSF 
pressure. The fluctuations of CSF pressure 


are reflected in 
described in this paper are arrhythmic or 
irregular and probably indicate disorganized 
or nonsynchronous cerebral vasoactivity 
This dysfunction of cerebrovascular (prob- 
ably more arterial than venous) tonus can 
be ascribed to traction on the vessels due to 
trauma,'* or to extreme systemic arterial 


RREGULAR CSF PRESSURE FLU( 
hypertension,*” or to unknown causes (per 
haps systemic and/or local humoral agents ). 


Folkow,?? 


rhythmic changes of 


has demonstrated experimentally 


tone after release of 


arterial obstruction. 


This vascular dysfunction has been found 
primarily in patients who are recovering 


from an acute cerebrovascular episode 


(stroke) or severe head injury in_ which 
there may have been originally severe arte 
rial spasm with ischemia ( which can produce 


the blood 


and parenchyma of the nervous system). 


an array of disorders in vessels 
These data are consistent with clinical angio- 
graphic and other data indicative of arterial 
disorders 


spastic tendencies in these (see 


previous “Comments” ). 

Objections.—It may be objected that the 
fluctuations of CSF pressure merely reflect 
alterations in systemic blood pressure. Fur- 
thermore, according to Ryder and others,** 
the CSF arterial pulsation varies concomi- 
tantly with the irregular arterial pulsations 
of auricular fibrillations and extrasystoles 
or with occlusion of both carotid arteries.** 
On _ the 


the under 


consideration here, there was no demonstra 


other hand, in cases 


ble change in arterial pressure whenever a 


study was made. This was done in the present 
series in the three cases of pseudotumor 


cerebri, in several cases of cerebrovascular 


disorder, and in the case of the boy with 


the gunshot wound of the face and neck. 


Furthermore, the graphs of Grant,’ Brag 


don,? and Guillaume and Janny ** show 


steady systemic arterial blood pressure while 
the CSF pressure was fluctuating excessively. 
the CSF 
fluctuations resulted from intermittent venous 


It is conceivable that pressure 


the re- 


obstruction.*® However, in none of 


ported cases was there heart failure or 


dikatation of the veins of the neck. Further- 
more, readings were obtained only from 
quiet, cooperative patients (in three of whom 
anesthesia was employed). If the patient 
coughed, moved, or talked, readings were 
disregarded. Finally, these fluctuations in 


pressure might be related to changes in 


production or absorption of the cerebrospinal 


TUATION 


fluid or of cerebral edema. It does not seem 
reasonable * to expect such changes to be as 
rapid as the alterations in pressure indicate. 
However, even if any of these changes in 
CSF volume did occur so rapidly, they would 
be intimately related to vascular activity. 


SUMMARY AND CONCLUSIONS 


In some patients with increased intracran- 
ial pressure there are irregular, rapid fluctu- 
ations of the fluctuations 


pressure. These 


the routine lumbar 


puncture in quiet (or sedated) patients by 


are seen in course of 
observing the pressure for a few minutes. 
In 21 of 44 successive neurologic cases (37 
with naturally or artificially elevated CSF 
pressure) there were such irregular fluctua- 
tions of at least 20 mm. of water, lasting 
less 


from second to more than 15 


than a 
seconds. These changes were present com 
monly in patients with pseudotumor cerebri 
or in those recovering from recent head in- 
juries or cerebrovascular disorders (strokes). 
For example, of 14 cases of recent cerebral 
stroke, there was fluctuation of CSF pressure 
20 mm. or more in 10, and in 2 additional 
CSF 


raised to 200 mm. of water. 


cases when the mean pressure was 

\When mean cerebrospinal fluid pressure 
is elevated to a level above 200 mm. of water, 
whether by trauma or other disorder, by the 
introduction of isotonic saline or Ringer’s 
solution, or by tilting the patient so that his 
head and cerebro 


trunk are elevated, the 


spinal dura acts as an oncometer. Then 
rapid fluctuations of pressure, observable on 
lumbar puncture, indicate changes in the 
total blood 


nervous system. Such changes usually result 


amount of within the central 
from excessive changes in tonus and caliber 
of cerebral blood vessels. This exaggerated 
cerebral vasoactivity is most commonly found 
in patients a day or two after severe head 
injury or cerebral stroke. At these times 
it is usually neither pathogenic nor sympto- 
matic, but seems to indicate partial recovery 
from severe cerebroarterial constriction, 
which had been present at the onset of the 


lesion. 
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Ill. Discriminatory Awareness in Stutterers and Its Measurement by the 


Critical Flicker Fusion Threshold 


JOHN W. LOVETT DOUST, M.B., B.S., B.Sc. 
and 
LAURA |. M. COLEMAN, M.D., Toronto, Canada 


That 


disturbance in the stutterer during his efforts 


consciousness undergoes a_ severe 


at communication has been noted in a previ- 
ous study in this series (Lovett Doust and 
Douglass In this study an account was 
given of the introspections by the s‘utterer 
during his attempts to speak and of the clini- 
cal observations made of his state of mind 
at this time. In addition, it was noted that 
consciousness may be conveniently thought 
of in terms of a number of “parameters of 
iwareness” and that certain of these para 
meters are susceptible to objective measure 
ment by psychophysiologic monitors which 
vary predictably and in temporal relationship 
with them. Singled out for principal exem- 
plification in that article were the changes 
undergone in the parameters of attentive and 
emotional (visceral) awareness during four 
phases of stuttered speech, as monitored by 
the oximeter and the cardiotachometer. 

But it is not solely during their efforts to 
speak that stutterers reveal defects of con- 


sciousness ; they are singularly constricted, 


it would seem, in their capacity for percep- 


tion, concept formation (Lovett Doust and 
Webb 
of the communication process outlined else- 
where (Lovett Doust and Douglass *). A re- 
cently reported investigation of 100 adult 
male ( Williams,’ 1954) threw 
some of these impressions into sharp relief. 


conative drive, and other aspects 


stutterers 
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Everything was “all right” for the stutterer, 
it was found, save his stutter. The patients 
were found to be unobservant of other peo- 
ple, forgetful even of their own histories, 
childhood 
“extending up to the llth year in some 


and with an amnesia for their 
cases.” 

The present paper reports a study designed 
to quantify that aspect of consciousness un- 
derlying many of the above personality fea- 
tures of stutterers, i. e., the parameter of 
discriminatory awareness ; and it introduces 
a technique enabling such measurments to 


be made. 


CRITICAL FLICKER FUSION THRESHOLD 
IN RELATION TO CONSCIOUSNESS 


(CFF) 
“Ability to discriminate” was separated 
out by Miller? (1942) as one of 16 defini- 
tions of consciousness, and discriminatory 
awareness refers specifically to that aspect of 
consciousness concerned with ability to dif 
terentiate between events occurring in the 
environment of the subject. Such a construct 
may conveniently be formalized by setting up 
a model in which events are deliberately 
presented to the subject in a regularly recur- 
ring sequencé and the limits of his capacity 
to discriminate between them ascertained 
Exemplification for such a model already 
exists in the critical flicker fusion threshold 
(CFF), on which a vast amount of work has 
already been accomplished (Landis,? 1953) 
Determination of the CFF includes the pres- 
entation to the subject, under a number of 
standardized conditions, of a flickering light 
stimulus: “The threshold point where inter 
mittent illumination appears to fuse or an 
apparently steady light first appears to flicker 
is commonly designated as the critical flicker- 
fusion threshold or the CFF, and is usually 
expressed in cycles per second” (Landis and 


DISCRIMINATORY AWARENESS 


1954). 
one: the determinants of the threshold have 


Hamwi,* The procedure is a simple 


been exhaustively investigated (e. g., Landis,® 
1954) ; it is readily reproducible, can be re- 
peated ad libitum,.and may be employed, 
therefore, both on longitudinally studied and 
on cross-sectional population samples, and it 
has, as we have pointed out, a distinct and 
useful relationship to a specific parameter of 
awareness. 
PROCEDURI 


lwo populations were sampled: one, a healthy, 
fluent, control group composed of 51 male and 80 
female undergraduates from the faculties of arts, 
science, and laws, and the departments of social 
science, nursing, and physical education; the other, 
a group of 37 male and 9 female stutterers who had 
presented themselves for treatment at the speech 
pathology clinic of Toronto Psychiatric Hospital, 
and who were referred to us for psychophysiologic 
investigation by Mr. E. Douglass. The ages of the 
fluent group ranged from 17 to 43 years, with a 
mean age of 21.21 years (¢=—3.219), and those of 
the stutterers from 11 to 53 years, with a mean of 
25.65 years (¢=—8.887). All subjects of both groups 
were mentally and physically healthy save for the 
symptom of speech difficulty in the stuttering sample 

The CFF thresholds were determined in identical 
fashion for the two groups. Tests were made indi- 
vidually in a semidarkened, quiet room with the sub 
ject seated 6 ft. away from a General Radio strob- 
scope (Strobotac), suitably masked to provide a 
The 


subject was instructed in what was required of him, 


circular white-light patch 1 in. in diameter. 


and two demonstrations were provided during the 
period of instruction of how the appearance of the 
patch could change from that of a flickering light to 
that of a continuous one, and vice versa, by chang 
flicker 


care being taken to keep the 


Two runs were then made, 
of the 


at a constant speed, and the flicker 


ing the rate of 
slow rotation 
strobosce p< dial 
rates at which the light first appeared intermittent 
and at which it first appeared continuous were de 
termined. The CFF was taken to be the mean ot 


these two readings, the difference of each reading 


from this mean being the deviation about it. In ne 
taken 


understood what was required of him 


case were readings before the subject fully 


Vean Critical Flicker Fuston Thresholds 
Fluent Controls 


TABLE | 


tor Stutterers and for 


Mean CFF, Test of 
Group N eps Significance 
Fluent controls 131 41.125 3.299 t 6.182 
Stutterers if 56.087 7.398 
P <0.001 


IN STUTTERERS 


CABLE 2.—Mean Critical Flicker Fusion Threshold 


Deviations for Stutterers and for Fluent Controls 
Mean CFF 
Deviation, Test ot 
Group N eps Significance 
Fluent controls 131 1.498 8.474 t 1.479 
Stutterers 609 1.480 is N.S 
RESULTS 
lable 1 shows that the mean CIF of the 


fluent (control ) group (at 4] cps ) is signif 
icantly higher than that of the stutterers (at 
36 cps). Table 2 shows that the spread of 
the readings about the means is similar in 
these two groups. 

Before these results may be taken unequiv- 
ocally to support a lessened discriminatory 
awareness in stutterers however, it is neces 
sary to consider whether other possible vari- 
ables may be acting to interfere with these 
apparently clear-cut findings. Landis * has 
critically reviewed those physiological deter 
minants of the CFF which appear to bear 
significantly on the results. When these fac- 
tors are taken in order, it is obvious that 
those of intensity and luminance of the patch, 
area, light and dark adaptation and surround, 
duration of exposure, color, wave form, and 
light-dark ratio may be discounted, since the 
conditions of testing were identical for all 
subjects in the two groups. The slight differ 
ence between 


often found 


and 
descending thresholds was counteracted by 
determining both these threshold values and 
expressing the result as the mean plus or 
minus (Tables 1 


2). Only the possibly critical factor of age 


ascending 


deviations from it 


and 
remains, 
Misiak * 
CFF 
jects against their ages and found 
CFF 


years 


(1951) plotted the 
threshold determinations for 319 sub 


results of 


that the 
fell progressively between 20 and 90 
The mean age of our control group 
was 4.4 years less than that of the stutterers, 
and its was less restricted \ 
that the 


significantly in 


range t-test 
differed 


factor 


showed two samples 
this 
0.001), and it was 


ve 


regard to 
(t==6.022 ; o=4.877; P 


deemed 


age 
necessary to whether or no 
it was acting as an interfering variable in 
these results. A Pearson product moment 
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‘orrelation coefficient determination was, ac- 
combined 
was found to be 


carried out on the 
With N=177, r 


0.153, and it was concluded that no sig- 


‘ordingly, 
groups. 


nificant relationship existed between age and 
the CFF with respect to the two populations 
investigated. 

The final statistical procedure carried out 
ascertain whether a difference 
exists for the CFF of the control 
Tables 3 and 4 that 
sample is not a differentiating variable, either 


was to sex 


group. 
indicate sex for our 
for the CFF itself or for the deviation about 
its mean 


Sex Influence on Critical Flicker Fusion 
Threshold in Fluent Controls 


Mean CFF, 
Control Group eps 


Males 41.698 


Females 40.076 


Test of 
Significance 
t = 1.306 
P is 


Total $1.125 


[ase 4.—Sex Influence in Critical Flicker Fusion 
Threshold in Stutterers 


Mean CFF 
(eps) 
Deviation 
4.495 3.201 


4.498 2.570 


Test of 
Significance 

t<l 

PisNS. 


Control Group 
Males. 


Females 


COMMENT 

It would seem more than likely that stut- 
tering exists on a neurogenic basis of some 
sort (Strauss,® 1954; Lovett and 
Webb °), despite the flood of psychodynamic 
literature concerning it. The CFF is cer- 


Doust 


tainly a sensitive indicator of neurological 
efficiency 1951), not 
surprising to find its threshold impaired in 


( Landis,* and it is 
a typical sample of stutterers. It is, however, 
perhaps even more interesting to speculate 
on the relationship of communication, con- 
sciousness, and the CFF and the nature of 
the dysplasia existing between each of these 
variables in the stutterer. If each is correlated 
with the other, and if discriminatory aware- 
ness is impaired outside the expressive end 
of the communication spectrum, then it is 


probable that more than a single aspect of 


the process of thought may be affected. 
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Evidence that this is so will be presented 
elsewhere. 

SUM MARY 


Critical flicker fusion threshold (CFF) 
is a valid method for measuring the para- 
meter of discriminatory awareness. 

The CFF was measured in 131 healthy, 
fluent, control subjects and in 46 stutterers 
and was found to be significantly depressed 
in the latter group. Conditions of testing 
were identical; the possible influence of age 
and sex was insignificant. 

The interrelationship of the communica- 
tion process as an aspect of thinking, of the 
discriminatory component of consciousness, 
and of the neurological implications of the 
CFF is discussed. 

This work was supported in part by a Mental 
Health Grant Department of National 
Health and Welfare of the Dominion of Canada. Mr 
E. Douglass, L. C. S. T., made the stutterers avail 
Prof. E. Bott and the Department of 
Psychology facilitated the testing of the fluent con 
trols, and Miss Daphne Webb and Miss Kay Paul 
processed some of the data. 


from the 


able to us; 
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Il. Somatotopic Organization in Cortex and Nuclei 


WILLIAM W. CHAMBERS, Ph.D 

and 

JAMES M. SPRAGUE, Ph.D., Philadelphia 

With the Technical Assistance of Elizabeth Hunter 


\ new concept of the organization of the 
cerebellum into longitudinal, corticonuclear 
been formulated (Chambers and 


zones has 


Sprague '*) on the basis of anatomical stud- 
ies of Jansen and Brodal * and on our own 
observations.+ This 


phy siological concept 


stresses the importance of localization in 
the efferent corticonuclear projections, rather 
than the distribution of afferent fibers in the 
cerebellar cortex, in the interpretation of the 
results obtained by stimulation and ablation 
Three bilaterally have 


symmetrical zones 


been defined in the cat (Fig. 1): (a) Each 
‘medial zone (vermal cortex and fastigial nu 
cleus) regulates the tone, posture, locomo- 
tion, and equilibrium of the entire body; 
(bh) 


cortex and nucleus interpositus) regulates 


each intermediate zone (paravermal 
the spatially organized and skilled move- 
ments and the tone and posture associated 
the 


zone 


with these movements of ipsilateral 


limbs, and (c) each lateral ( hemi- 
spherical cortex and dentate nucleus) is in- 
volved in the same skilled and spatially or- 
ganized movements of the ipsilateral limbs, 
without any apparent regulation of their 
posture and tone. The fact that the symptoms 
following lesions in the intermediate zone 
(nucleus interpositus) are indistinguishable 

Submitted for publication May 2, 1955. 

Department of Anatomy and Institute of Neuro 
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This investigation was supported 
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* References 29 and 30. 


grants from 


Diseases 


+ References 52, 53, and 54 


from those obtained by pyramidal section, 
while those following vermal lesions are just 
as clearly extrapyramidal, has previously) 
heen pointed out and discussed (Chambers 
and Sprague ‘*). The present communica- 
tion is chiefly concerned with (1) the nature 
the 
problem of somatotopic localization of func- 
(3) a critical 
comparison of the concept of “lobular,” as 


of the function of the lateral zone, (2) 


tion within these zones, and 


opposed to “zonal,” organization of the 
cerebellum. 

The zonal concept of cerebellar organiza 
tion stated in this and in previous publica- 
tions revives an earlier hypothesis (of longi 
tudinal subdivisions into vermis and lateral 
lobes) suggested in the works of Edinger '* 
(1909), Comolli (1910), Tilney (1923), 
and Brun"! (1925). Because this point of 
view is in marked contrast to the concept of 
lobular organization most widely accepted 
today, the evidence used to support the cur- 
rent lobular organization will be examined 
at some length and reevaluated. 

The lobular theory states that the cerebel- 
lum is functionally organized, by transverse 
(anterior, middle, 
It has its 
chief foundations in the comparative anatom- 
Bolk? (1906) Elliot 
Smith °° (1902), the embryological studies of 
Ingvar *® (1923) and Larsell ** (1937), and 
the experiments of van Rijnberk *° (1904), 
Pagano *' (1904), Rothmann ** (1913), Ful- 
ton and Dow *° (1937), and Dow 27 (1942). 


The arguments supporting a fundamental 


fissures, into four lobes 


posterior, and flocculonodular ). 
and 


ical work of 


lobular organazation have rested upon sev- 
eral lines, 4 evidence: (a) the constancy of 
the fissure pattern in a large series of ver- 
tebrates (reviéweed by Larsell **); (b) the 
relation of the fissure pattern and the rela- 
tive development of the lobes to the size of 
muscle masses and the type of motor activity 
(reviewed by Ariéns Kappers, Huber, and 
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Crosby and Jansen **; (c) the distribu- 
tion of the terminals of the afferent tracts in 
various lobes of the cerebellum (reviewed by 


(d) 


and stimulations (reviewed by 


Dow '*), and experimental ablations 
Fulton and 
and Carrea and Mettler ™*). 


Dow.’ Dow, 


The extensive series of papers by Larsell 
shows that a common pattern of development 
of the cerebellar cortex is present throughout 
the vertebrates. He emphasized the funda- 
mental division of the cerebellum by means 
of the posterolateral fissure into a flocculo- 


le The 


corpus cerebelli he divided into anterior and 


nodular and a corpus cerebelli. 
posterior lobes by the primary fissure, and 
the posterior lobe was further divided by 
the secondary (prepyramidal) fissure. The 
flocculonodulus was called archicerebellum ; 
the anterior lobe, pyramis-uvula, and para- 
flocculus were called paleocerebellum, and the 
ansoparamedian lobe (middle lobe of Ingvar ) 
was termed neocerebellum. 

Larsell’s work has extended and clarified 
comparative anatomical studies of the cere- 
bellar lobes and lobules and has made possi- 
ble a basis for an attempt to relate these to 
specific functions and body parts. The physi- 
ological significance of these divisions 1s, 
however, ultimately dependent upon the spe- 
cificity of their fiber connections, and of their 
functions as revealed by ablation and stimu- 
lation. The strongest support of the concept 
of lobular organization is the localization of 
the 


interpretation 


vestibular function in flocculonodular 


lobe ( Dow -P This has 


been discussed recently (Chambers and 


Sprague '*) on the basis of work in cats. 


The symptoms of unilateral or bilateral le- 
sions in the vermal cortex of the centralis, 


culmen, and simplex and/or the rostral 


fastigial nucleus are strikingly similar to 


such ablations of the nodulus and uvula. In 
both, disturbances of pr gait, and 
equilibrium of the whole body ar; g ound ; we 


helieve this fundamental similar}, 1S more 


significant than the differepee.4n degree of 


various symptoms. The fact that equilibra- 
tion is relatively more disturbed from the 
posterior lesion and posture from the an- 
terior lesion should not alter the recognition 
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that the two functions coexist in each area 
The essential similarity between a unilateral 
lesion of the fastigial nucleus and a unilateral 
vestibular Deiters’ 


lesion of the nerve or 


nucleus has been pointed out by Sprague 
and Chambers.** The presence of vestibular 
signs following lesions in the fastigial nu 
cleus, or in certain cortical areas projecting 
to this nucleus, is scarcely surprising in light 
of the observations of Dow,'® who found, by 
the method of evoked potentials, that the 
eighth nerve projects to the entire nucleus 
and by the anatomical work of many authors 


who have traced efferent fibers from the 


entire vermis (Jansen and Brodal*°) and 
from the entire fastigial nucleus (Allen 


Rasmussen **; Thomas, Kaufman, Sprague, 


and Chambers °**) to the vestibular nuclei, 
especially that of Deiters. 

The major part of the paleocerebellum, the 
anterior lobe, is usually treated as a func 
tional and an anatomical unit, and is fre- 
quently thought of as being a vermal struc 
ture. Support for this view, as cited by 
and that it is 
spinocerebellar 


Dow,”” is the chief 
the 


stimulation 


Fulton 
termination of 
that its 


tracts, 
inhibits postural tone, 
and that its ablation releases vestibular re- 
flexes and enhances postural tone. The iden- 
tity of two anatomical units in the cat—a 
medial cortex, projecting to the fastigial 
(and vestibular) nuclei, and an intermedi- 
ate cortex, projecting to the nuclei inter 
positi—was made by the important work of 
Jansen and Brodal.*® These have been shown 
by Chambers and Sprague ™ to have distinct 
attributes. A third the 
anterior lobe, consisting of lateral cortex and 


functional area in 


dentate nuclei, has been described in the 
monkey ( Jansen and Brodal *°), the function 
of which has not yet been clearly worked out 
The effects of stimulation on postural tone, 
mentioned above, have been shown repeat- 
edly to be referable to the medial vermal area 
Miller and 


Hare, Magoun, and Ranson *°; Chambers ** 


alone (Bremer °®; santing ; 


Moruzzi **; Hampson, Harrison, and Wool- 
sey **; Sprague and Chambers £). Likewise, 


the classical anterior lobe syndrome is the 
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property of the medial cortex and fastigial 


nuclei only (Sprague and Chambers *; 


Chambers and Sprague '*). Thus, the term 
to that 


which projects to the fastigial (and vestibu- 


vermis should be restricted cortex 
lar) nuclei, while the remainder of the an- 
terior lobe cortex in the cat projects to the 
nuclei interpositi and may be called paraver 
mal or intermediate. 

The proponents of the lobular theory of 
cerebellar localization have defined the neo 
the (1) its lacking 
spinocerebellar connections and (2) its re- 


cerebellum on basis of 
ceiving the majority of pontocerebellar fibers 
( Larsell,** Mettler **). 
()n the contrary, the paleocerebellum (ante- 


Dow,'* Carrea and 
rior lobe and pyramis-uvula) has been char- 
acterized by the presence of spinocerebellar 
the ponto 
cerebellar projections. This definition has led 


fibers and virtual absence of 
to the inclusion of a part of the anatomical 
vermis (tuber and folium; simplex is often 
included) in the neocerebellum (Ingvar,”° 
Larsell,** Fulton and Dow *°), an interpreta- 
tion which has formed a major obstacle to 
any theory of longitudinal organization. This 
interpretation, however, is no longer valid. 
The pontocerebellar fibers are now known to 
terminate in all parts of the cerebellar cortex, 
except the lobe 


1°). The vermal simplex 


perhaps flocculonodular 


( Brodal and Jansen 
has been shown by many workers to receive 


spinocerebellar fibers (Brodal$), and, al- 


though these fibers do not appear to reach 


the tuber and folium, these areas receive 


analogous fibers from the head via the tri 
Bro- 


geminal nerve and nuclei (Larsell,** 


dal §). Moreover, the tuber or folium re- 
ceives impulses from eye and ear via the 
tectum and_ tectocerebellar ( Snider 
and Stowell *'). 


the vermis controls movements of the head, 


tracts 
Stimulation of this part of 


body, and limbs (simplex), and of the head 
alone and conjugate deviation of the eyes 
(tuber and folium), shown by the work of 
Harrison, and 


Hampson, Woolsey ** and 


that of the present paper. Stimulation of 
tuber and folium at somewhat higher, but 
still moderate, intensities has been shown to 


Brodal, A.., 


in Jansen and Brodal,?* Chap. 2. 


CEREBELLUM 


give postures of the whole body similar in 
all ways to those obtained by stimulation of 
the vermis of the anterior lobe and of the 
pyramis (Hare, Ranson 


Magoun, and 


Chambers and Sprague‘). Thus. on the 
basis of its atterent proprioceptive, tactile, 
auditory, and visual projections; its efferent 
projection via the fastigial and vestibular 
nuclei, in common with the rest of the vermal 
cortex, and the effects following its stimu 
lation, this vermal area is clearly a part of 
the total vermal zone dealing with postural 
mechanisms, progression, and equilibrium 

The theory of lobular organization leaves 
cortical 


two other 


masses unsatisfactorily 
defined. The paramedian lobule is classified 
by Larsell** and Dow with the ansiform 
lobes as neocerebellar; yet its efferent pro 
jection is exclusively to the nuclei interpositi 
(Jansen and Brodal *°), and its stimulation 
and ablation yield results similar to those 
obtained from the paravermal part of the 
anterior Davidoff ?° ; 


Chambers 


lobe (Ferraro and 


Hare, Magoun and Ranson 
and Sprague '*; present paper). The para 
flocculus, allied the 
projects to the 


dentate nucleus (Jansen and Brodal *°) and, 


which has been with 


paleocerebellum, actually 
like the cortex of the ansiform lobe, gives 
equivocal or no postural symptoms following 
its uncomplicated 
Mettler 


ablation (Carrea and 
present paper ). 

The present paper is based on specific 
lesions which were localized in the cerebel- 
lum with three concepts of organization in 
mind: (a) The lesions were placed within 
the anatomical confines of the corticonuclear 
zones, as defined by Jansen and Brodal *°; 
(b) the 


stricted to either cortex and/or 


lesions within these zones were re 


its efferent 


nucleus because of the considerable differ 
ences in function of cortex and nucleus 
shown by Chambers and Sprague,’* and 


(c) certain lesions were placed so as to in 
volve a whole lobe, comprising several zones, 
as defined by Larsell.** The work of Jansen 
and Brodal °° demonstrated the nuclear com 
ponents of the cortical lobes of Larsell. Our 
lobular lesions, therefore, attempted to de 

stroy only the parts of the nuclei which be- 
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longed to a particular lobe. Such restricted 
lesions are difficult to obtain by aspiration 
and are better achieved by stereotactically 
oriented electrodes. 

MATERIALS 


AND METHODS 


[his paper is based on the study of 41 chronic 
cats, some of which were decerebrated terminally. 
The decerebrations were performed by aspirating 
t narrow channel through the midbrain, passing 
between the colliculi, dorsally, and the rostral pons, 
ventrally, the bed of the basilar artery and the brain 
rostral to the intact. The 
idvantages of this method have been emphasized 


transection being left 


TUBER 
AND 


FOLIUM 
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bers 13) and by cortical and/or nuclear destruction 
achieved by and 
The 


placement of lesions in certain areas of the cere 


aspiration, thermocoagulation, 


stereotactically oriented electrolytic lesions. 
bellar cortex was in part guided by the evoked 
potential studies of Snider and Stowell,®! Adrian,’ 
and Hampson.2* These chronic animals were studied 
at frequent intervals throughout periods of up to 
four years, and in most cases until their symptoms 
had stabilized and compensation ceased. The only 
exceptions were those few animals killed aiter four 
to five days’ survival for the determination of termi 
nal connections by the method of Nauta and 
Gygax *” for axon degeneration. All animals were 


tested before and after operation. Changes in muscle 


Fig. 1—Schematic drawings, slightly modified from figures taken from the work of Jansen 
and Brodal (J. Comp. Neurol. 73:267-321, 1940; published by the Wistar Institute of Anatomy 
and Biology, Philadelphia), showing the longitudinal organization between cortex nuclei of the 
feline cerebellum: D (dentate nucleus) ; J (nucleus interpositus) ; F (nucleus fastigius). 


previously (Sprague and Chambers ||). The cere- 
bellum was exposed, great care being taken to pre- 
serve the blood supply, and warm liquid petrolatum 
U. S. P. was used to protect the cortical surface. 
Stimulation was by means of a 60-cycle sine wave 
current through both monopolar and bipolar elec 
trodes. The vermal cortex, in all cases, and the 
paravermal cortex, in most cases, were found to be 
excitable. Ablations were made by aspiration. 

The chronic animals were studied by stimulation 
(Cham 


through implanted concentric electrodes 


|| References 52 and 53. 
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tone were ascertained by assaying resistance to 
passive movements of all joints with the animals 
lying supine or held suspended with legs hanging 
down; the knee jerk, supporting reactions, and tonic 
neck and labyrinthine reflexes were tested, as were 
the postural placing (tactile, proprioceptive, visual, 
chin) and hopping reflexes; cornea, canthus, pinna, 
and vibrissae were tested for response to touch; re 
actions of the head, limbs, and tail to nociceptive 
stimuli were noted; pupillary light reflexes and the 
response of eyes, head, and body to horizontal rota 
tion were observed; the gait and posture both on 


the floor and on elevated, horizontal bars, the 
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capacity ior righting in air, jumping up or down 
and gauging distances were studied, as was voli 
tional activity in playing, fighting, and feeding; the 
ability to maintain balance was measured by the 
adjustment of body sudden or 


posture to steady 


push in various directions; observations were made, 
where possible, on changes of motivation and be- 


havior 

Previous work (Sprague and Chambers § ; Cham- 
bers and Sprague '*) has shown the importance of 
determining the specificity of the lesions in the zones 


CEREBELLUM 


RESULTS 
I. ABLATION OF ENTIRE ANTERIOR AND 
PosTERIOR LOBES 
\. Almost total destruction of the anterior 
lobe bilaterally, back to the primary fissure 
and including the rostral one-third of both 
fastigial nuclei and the rostral poles of the 


nuclei interpositi, especially on the left side 


(right side of ligure 


; one animal, 80 days’ 


Fig. 2. 


secondary gliosis (dots) in the anterior lobe 


and lobes, as well as the relative involvement of 
the cortex and nuclei of those zones. This was de 
termined by terminal decerebration and stimulation 
of the areas surrounding the lesions and by histo- 
Weil, or 
Nissl method. Thus, statements of the extent of the 


logical sections stained by the Marchi, 
lesions in the following description are based on a 
detailed anatomical 


(Fig. 1). 


physiological and mapping 


¥ References 52 and 53 


-Schematic drawings of cerebellar cortex and nuclei, showing lesions (black) and 


survival, Fig. 2), showed the following symp- 
toms on the second and third postoperative 
days: marked spasms of opisthotonos ; spas- 
ticity of entire body ; wild, forced movements ; 
plaintive crying ; rapid vertical clonus of eyes 
with head dorsiflexed ; panting, sweating of 
paws, and dilatation of pupils after handling ; 
visual and chin placing wild and grossly 
dysmetric in forelegs; tactile and proprio 
ceptive placing absent in hindlegs. Clear-cut 
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asymmetry was present in that the animal 
the left 
limbs showed greater extension and the right 


preferred to he on side; the left 
legs greater flexion; visual and chin-placing 
responses were brisker in the right forelegs, 
is were the movements to dislodge the ob- 
server's hand; tactile placing and hopping 
were absent in the left foreleg (present, but 
slow and hypermetric in the right) ; support- 
ing reaction was absent in the right foreleg 
and minimal in the right hindleg and was 
stronger in the left legs. This animal ate vol- 
untarily on these days and showed hypotonic 
bladder and partial righting in the fore- 
quarters. No resting nystagmus or rolling 
was present. 

The opisthotonos had disappeared by the 
17th postoperative day (no observations be- 
tween the 3d and the 17th day); the spas- 
ticity was reduced, and spasms of hypertonus 
alternated with quiet periods. The head and 
forequarters were righted to a sphinx posi- 
tion, with swaying of the head, and, although 
standing was not possible, the animal could 
slowly drag his body by the forelegs. Poor 
proprioceptive placing and hopping had re- 
turned to the hindlegs; otherwise, placing 
reactions had not changed but remained 
asymmetric. Supporting reactions were now 
present in the right legs, but, like the hyper- 
Con- 


purring and kneading accompanied 


tonia, were stronger in the left legs. 
stant 


high pain threshold. Excessive postrotatory 


nystagmus was present. Hypotonia of the 
bladder and constipation were marked. Other 
symptoms were unchanged except for greater 
ataxic tremor of the head and body. 

No improvement was found on the 28th 
postoperative day. The next examination, on 
the 76th to the 80th day, revealed righting 
in both fore- and hindquarters, with lateral 
swaying and tendency to fall in the hind- 
quarters. Walking was hesitant, in a low 
crouch with marked ataxia, and was accom- 
plished with great difficulty, and then only 
for a few steps. Tactile placing to touch of 
the the forefeet and 
ankles had returned to both forelegs (in- 


lateral surfaces of 
complete in left foreleg) and to plantar touch 


in the right hindleg (tactile placing was 
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absent in the left hindleg). Visual placing 
was equally wild in the two forelegs. Pro- 
prioceptive placing and hopping had im- 
proved, although still slow and hypermetric 
in all legs, and was better on the right side. 
Supporting reactions were greater on the left 
bladder 
hypotonia, constipation, and high threshold 
to painful stimuli persisted. 


side. Head pecking while eating, 


B. The posterior lobe cortex, caudal to the 
simplex lobule, plus the flocculonodular lobe 
and the caudal one-third to one-half of the 
fastigial nuclei and nuclei interpositi and the 
entire dentate nuclei (two animals, survival 
12 to 149 days; 3 and 4) were ablated. 
The syndrome of the first and second post 
operative 


Figs. 


marked 
opisthotonos with great increase in extensor 


days was as_ follows: 
tone; righting to sphinx position but no 
standing or walking ; stiff, hypermetric step- 
ping in forelegs when held by hindquarters ; 
reductions in placing and hopping reflexes ; 
pupils enlarged and light reflexes sluggish, 
and no rolling or nystagmus. 

Standing and walking, when begun, were 
slowly and reluctantly executed and were 
accompanied by marked swaying backward 
and forward, crouch 
forequarters), and 


head bobbing, low 


(somewhat higher in 
broad base. As walking improved, the gen 
eral instability, tremor, and ataxia became 
more marked, and frequent falling followed 
any sudden movement. This phase of recov- 
ery was one of hyperactivity, in contrast to 
the condition in the first few days, and was 
accompanied by a lack of discretion, so that 
falls and head injuries were not uncommon 
The animals persistently attempted to de 
scend from a high table when the righting 
reflexes were only partly recovered. Even 
tually walking and jumping were improved, 
although the animals always showed a stiff 
gait, broad base and crouch, swaying, and 
goose-stepping in the forelegs. However, 
the postural and equilibratory requirements 
of walking on elevated, horizontal bars re- 
mained far beyond the capacities of the ani 
mals with these lesions. 

Certain important differences were cor- 
related with the extent of the lesions, par- 
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Figure 3 


Figure 4 


Figs. 3 and 4.—Schematic drawings of cerebellar cortex and nuclei, showing lesions in the 


posterior lobes 
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ticularly with the involvement of the medial 
and intermediate nuclei. One animal (Fig. 
3), which had the lesion restricted to the 
caudal parts of the fastigial nuclei and nuclei 
interpositi, showed less severe symptoms of 
opisthotonos and hypertonus and head bob- 
bing, less involvement and earlier improve- 
ment of placing and hopping reflexes, and 
earlier appearance of standing and walking 
fourth day). The second animal (Fig. 4), 
with more rostral destruction of the nuclei, 
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interpositus is confirmed by the presence ot 
certain other symptoms known to be caused 
by selective lesion of the nucleus interpositus 
(see Section III): instability of wrist, mis 
placement of leg with skating movements 
and standing on the dorsum of the foot. 
These animals showed that, despite the 
initial severity of the symptoms, the major 
part of improvement through compensation 
accomplished between the ends of the 
and second weeks. A relative stability 


was 
first 


Fig. 5.—Schematic drawings of cerebellar cortex and nuclei, showing lesion in the vermal 


zone of the anterior lobe. 


showed less complete recovery at the 39th 
day than the first animal showed at the 12th 


day. In addition, all placing and hopping re- 
flexes were abolished for the first week in 


the animal with the larger lesion, and re- 
mained permanently depressed and hyper- 
metric in all legs except the right foreleg, in 
which tactile placing was permanently abol- 
ished and other placing and hopping reflexes 
were more severely affected. That the deficits 
in the right foreleg were due to the rostral 
extension of the lesion into the right nucleus 
660 


was present thereafter, with only slow and 
insignificant recovery in the following period 


II. Lesions TO THE VERMAL ZONE 


(CorTEX AND FASTIGIAL NUCLEI) 


A. Ablation of the entire vermal cortex of 
the anterior lobe, extending back to the pri- 
mary fissure and including the rostral one- 
half of the fastigial nuclei (one animal, 12 
days’ survival; Figs. 5 and 26) resulted in 
the following syndrome on the first post- 
operative day: marked 


increase in tone, 
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chiefly extensor, and strong and almost con- 
stant opisthotonos ; no rolling or nystagmus ; 
ability to maintain sitting position with fore- 
legs stiffly extended, hindlegs extending for- 
ward, back concave, and head dorsiflexed ; 
bursts of head tremor at rest; with animal 
suspended in air, legs stiffly extended, with 
toes fanned and claws out; all placing re- 
sponses hyperactive, hopping hypermetric; 
no walkiag or stepping in forequarters when 


held by hindlegs and pelvis; when held by 
forequarters, hindlegs widely spread and tail 
dorsiflexed ; bladder hypotonic, 60 cc. urine 
expressed manually. 

Stepping in fore- and hindlegs was pos- 
sible when the body was supported on the 
second postoperative day; marked disturb- 
ance of balance was obvious, as was tendency 
to climb with forelegs and accompanying 
retropulsion ; 20 cc. of urine was expressed 
manually. 


CEREBELLUM 


The animal could stand alone on the fifth 
and sixth postoperative days and take a few 
steps with a broad base, high in forequarters, 
low in hindquarters, tail dorsiflexed, swaying 
of entire body, tremor of head and tail; walk 
ing was very slow, high on the toes, with 
frequent falling backward and to either side 
the bladder emptied voluntarily. 

There was a subsequent slight decrease of 
extension of limbs and of opisthotonos, and 


Fig. 6.—Schematic drawings of cerebellar cortex and nuclei, showing lesion (black) and 
gliosis (dots) in the vermal zone of the posterior lobe, with slight encroachment of the medial 
caudal tips of the interpositus nuclei. 


an increase in general activity accompanied 
by more frequent falling, up to the 12th 
day, when the experiment was terminated 

B. Ablation of the entire vermal cortex ot 
the posterior lobe, except the simplex and 
folium, and including the nodulus and _ the 
caudal three-fourths of the tastigial nuclei 
(one animal, 42 days’ survival; Fig. 6), re 
sulted in a syndrome which was strikingly 
similar to that following the anterior vermal 
lesion. In both, the tone, equilibrium, and 
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Figure 7 


Figure & 


Figs. 7, 8, and 9.—Schematic drawings of cerebellar cortex and nuclei, showing lesions (black) 
and gliosis (dets) of the anterior lobe and lobulus simplex (left side of Figure). The right side 
of these figures, and of many subsequent figures, show the zonal, corticonuclear relationships, 
according to Jansen and Brodal (J. Comp. Neurol. 73:267-321, 1940; published by Wistar Insti 
tute of Anatomy and Biology, Philadelphia). 
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“epee” 


Figure 9 


progression of the whole body showed great 
impairment. Also characteristic of the lesions 
was the plaintive crying which accompanied 
passive or active change of the position of 
the body. The spasticity and opisthotonos, 
although present in the posterior vermal 
lesion, were less marked than in the anterior 
vermal lesion; the body was held closer to 
ground, and consisted of 


the movement 


rapid backing (‘‘crawfishing’”’). At no time 
was there falling or a tendency to climb. 
Standing was accomplished by the fifth day, 
accompanied by a broad base and a marked 
swaying of the body forward and backward. 
Walking, begun on the seventh day, was not 
high on the toes, but the forelegs showed 
both overstepping and high stepping. Be- 
tween the 7th and the 42d day the symptoms 
remained relatively stable, but more activity, 
walking, and falling were present. 

C. Ablation of the the 
anterior lobe has been described previously 
in two animals, of 42 and 14 days’ survival 
(Chambers and Sprague **). These lesions 


vermal cortex in 


were unilateral and involved the caudal five 
folia of the culmen in one animal (Fig. 7) 
and the caudal five and one-half folia of the 
culmen plus the two folia of the simplex in 
the other 8). Initially, the 


animal (Fig. 


CEREBELLUM 


symptoms involved the whole body—exten 
sion of ipsilateral legs, flexion of contra- 
lateral legs, falling to opposite side, head and 
body concave to opposite side; but the defi- 
cits in the hindlegs disappeared rapidly (two 
to three days). The first animal, with the 
smaller and shallower lesion, entirely rostral 
to the primary fissure, was asymptomatic 
by the 10th day ; 


marked symptoms at the end of 14 days and 


the second animal showed 


had a greater involvement of the head. 
A third 


with a unilateral, shallow cortical lesion re 


animal (seven days’ survival), 


stricted to the vermis of the anterior lobe 


(culmen and caudal folia of the centralis), 


showed symptoms similar to, although 
milder than, those of the first animal, except 
for greater involvement of the hindquarters 
\fter three days a second lesion was added 
to the simplex of the same side, which caused 
a marked turning of the head and concavity 
of the body to the opposite side (Fig. 9). 
On the first postoperative day following the 
lesion in the simplex, this animal showed a 
the 


legs (especially the forelegs), instability of 


reversal of the distribution of tone in 
the left wrist and a high step of this foreleg, 
misplacement of the left foreleg when walk 
ing on elevated bars, and a great increase 
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in sensitivity to its tactile placing. The tone 
reverted to the original state, and the other 
symptoms were reduced on the second day; 
by the seventh postoperative day the original 
distribution of tone (ipsilateral extension, 
contralateral 


become further 


had 
increased in the forelegs, and the aberrant 
symptoms had disappeared. The transient 
shift of tonus and the appearance of hyper- 
flexion, instability, and hyperexcitability of 


flexion ) 


the ipsilateral foreleg were explained by the 
accidental extension of the simplex lesion 
into the caudal portion of the paravermal 
zone in the anterior lobe (see description 
of paravermal lesions, and Figure 8). 

In a fourth animal, a small vermal cortical 
lesion was placed unilaterally in the third 
and fourth folia rostral to the primary fissure. 
The animal was killed four days later for 
The animal righted and 
walked (without defect) immediately after 


silver staining. 
recovery from the anesthesia. The only defi- 
cit found during the survival period was a 
small increase in extensor tone in the ipsi- 
lateral foreleg. No abnormality in placing, 
hopping, deep reflexes, or supporting re- 
action was present. 


Fig. 10.—Schematic drawing of cerebellar cortex, 
showing lesion of the folium and tuber. 
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D. Ablation of the vermal cortex of the 
so-called middle lobe was made bilaterally 
from the 3d to the 11th folium behind the 
primary fissure, and thus did not involve 
the simplex or the pyramis (one animal, 40 
days’ survival; Fig. 10). Between the first 
and fourth postoperative day, moderate hy 
pokinesia was present, with only slight re- 
sponse to visual and auditory cues. Rather 
marked difficulties in 
properly when jumping were found. Other 
changes were slight and consisted of stiff 


gauging distances 


ness in the neck, increase in extensor tone 
in all legs (more in the forelegs), goose 
stepping in the forelegs, resting head tremor, 
reduced movement of the eyes and head, 
increase in postrotatory nystagmus, and 
hypermetria of otherwise normal placing 
and hopping reflexes. 

All symptoms were present but improved 
by the fifth day, except for continued poor 
attention and response to light and, espe 
cially, to sound. The response to visual cues 
was back to preoperative alertness by the 
sixth day, although there was a marked 
tendency for his visual attention to become 
fixed for considerable periods. The seventh 
day found all reflexes and motor activity 
normal except for the retention of a slight 
goose step in the forelegs, an unusual bound- 
ing instead of the customary running gait, 
and hesitation in jumping even small dis- 
tances, with repeated reaching out of the 
forelegs toward the desired goal (the jump 
was smoothly and normally executed). All 
symptoms remained to the 40th day, and, 
although there was some improvement in the 
response to various sounds, the defect was 
still striking. 

All of the defects found in this animal 
after the lesion were in marked contrast to 
his preoperative state of extreme alertness, 
curiosity, agility, and auditory and visual 
responsiveness. 

E. Destruction of one entire fastigial nu 
cleus has been described previously in two 
animals, of 7 and 22 days’ survival (Sprague 
and Chambers #). The deficits involving the 


# References 52 and 53. 


S77} 
NEB 
ee 
EN 
(2° Sa 
Sox 
<=> 
< 


4 


Fl 


posture, gait, and equilibrium of the entire 
body were grave. The ipsilateral legs were 
flexed ; the contralateral, extended ; the head 
turned to the side of the lesion, and the 
body was concave to this side. Righting and 
walking were more impaired and falling was 
severer and more frequent than following 
cortical lesions of this zone. Placing re- 
flexes were hyperactive and hopping hyper- 
metric (see also Figure 3C of Thomas and 
associates 
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tigial nucleus (one animal, survival four 
days; Fig. 11), the symptoms were confined 
chiefly to the hindlegs: The ipsilateral leg 
was flexed and adducted and showed a de 
creased supporting reaction; the hindlegs 
took small, stiff steps, accompanied by sway- 
ing. That the fore end of the animal was 
also involved was suggested by circling to 
the side of the lesion and pivoting on the 
ipsilateral hindleg. The animal was alert 
and active and walked and ate voluntarily. 


Fig. 11—Schematic drawings of cerebellar cortex and nuclei, showing lesions (black) and 
gliosis (dots) in the rostral pole of the nucleus fastigius (left side of Figure). 


Selective unilateral destruction confined 
to the rostral one-half of the fastigial nucleus 
(one animal, survival four days; Fig. 1 of 
Thomas and associates °*) showed symptoms 
which were more pronounced in the hind- 
legs, although the whole body was involved. 
Righting and walking were accomplished 
with difficulty, with falling in the hindquar- 
ters toward the side of lesion. Supporting 
reactions and resting extensor tone were 
greater in the contralateral legs, while the 
ipsilateral legs were flexed. The animal did 
not eat voluntarily and was reluctant to 
move. When the lesion was somewhat more 
limited to the most rostral pole of one fas- 


In neither animal was there any pupillary 
change. 

In another experiment, the nuclear lesion 
was limited to the middle one-third of the 
fastigial nucleus (one animal, four days’ 
survival; Fig. 34 of Thomas and associ 
ates °*) and showed deficits limited to the 
forelegs: increased supporting reaction and 
resting extensor tone in the contralateral leg ; 
increased flexion in the ipsilateral leg. 

Destruction of the caudal one-third of the 
fastigial nucleus on one side (one animal, 
survival four days; Fig. 38 of Thomas and 
associates **) resulted in lethargy, reluctant 
walking in a low crouch and with a broad 
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Figure 12 


base, a tendency to flex the limbs and to 
grasp with claws, and resistance to being 
placed in a supine position. The distribution 
to that in the other 
partial nuclear lesions, and the head was 


of tone was simular 


turned to the side of lesion. 


Lestons INTER 


LIMITED TO PARAVERMAL OR 
ZONE NUCLEI 


INTERPOSITI ) 


MEDIATE (CoRTEX AND 


\. Unilateral ablation of the entire nu 
cleus interpositus has been described previ- 
ously in four animals, of 4, 17, 340, and 822 
days’ survival (Chambers and Sprague **). 
The postural symptoms were limited to the 
legs of the same side of the body and con- 
sisted of mild, but clean-cut, increase of ex- 
tensor tone and the supporting reflex; per 
manent loss of tactile placing and temporary 
depression of 
hopping, 


these reflexes; 


proprioceptive placing and 


with permanent hypermetria of 


goose-stepping, stiffness and 


instability in walking, and severe misplace 


ment of the ipsilateral legs on elevated bars, 
and diminution and fatigability of flexor 
movements. The pupil and palpebral fissure 
of the ipsilateral eye were enlarged, and the 
nictitating membrane was partly extended 
on the contralateral side. 
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Figure 13 


Figs. 12, 13, and 14. 
cerebellar cortex and nuclei, showing lesions (black) 


Schematic drawings of 
and gliosis (dots) in the rostral and in the middle 
and caudal parts of the nucleus interpositus (left 
side of Figure) 


° 
\ 
SSA 
Co w® 
) 
* 
18 


FUNCTIONAL LOCALIZATION IN 


Figure 


3. Lesion of the rostral tip of one nucleus 
166 
days (Fig. 12) showed symptoms in both 


legs of the ipsilateral sid 


interpositus of one animal surviving 
goose step; in 
creased extensor tone, loss of tactile placing, 
and presence of hypermetric hopping in the 
ipsilateral foreleg. Contact placing returned 
after the first week; hopping and tone were 
normal by the 12th postoperative day, and 
the goose step had disappeared by the 40th 
day. The ipsilateral hindleg, however, showed 
these symptoms throughout the survival 
period ; in addition, it showed circumduction 
and abduction in walking, and frequently 
assumed bizarre positions at rest. No change 
in pupils, palpebral fissures, or nictitating 
membranes was found. 

\ lesion which was again limited to the 
rostral part of one nucleus interpositus, but 
which was larger than the preceding lesion 
(Fig. 13), was placed in one animal, surviv 
ing four days. The symptoms were essentiall 
the same as those following total nuclear 
destruction (Section III A), except for less 
severe impairment of proprioceptive placing 
and lack of any change in pupils or eyes. 

Unilateral lesion of the middle and caudal 
parts of the nucleus interpositus (Fig. 14) 


in one animal, surviving 27 days, resulted 
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14 


in goose step in the ipsilateral foreleg and 
high step and limping in the ipsilateral hind 
leg for the duration of the experiment. Con 
tact placing was absent in the ipsilateral 
foreleg for six days, and impairment in hop 
ping in both ipsilateral legs was present for 
nine days. The eyes were not observed. 

C. Ablation of the entire paravermal cor 
tex of the anterior lobe was accomplished 
in one animal,* with a subsequent survival 
of 58 days (Figs. 15 and 27A). In most 
cases the symptoms were the reciprocal of 
those following lesions in the nucleus inter 
positus, and were again limited to the ipsi 
The 


balance, but 


lateral limbs. animal walked without 


marked 
hyperflexion of both ipsilateral legs and in 


disturbance of with 
stability at wrist and ankle. This did not take 
the form of the stiff goose step character 
istic of the nuclear lesion but had two phases, 
hoth exaggerated: The first was a hyper 
flexion at all joints ; the leg was held momen- 
tarily in this position and then suddenly 
brought forward and down in the second 
phase, resulting in a limp step. The deficit 
is clearly in the synergy and reciprocal in- 
nervation of 


the musculature of limbs and 


girdles, although the stepping sequence be- 


* Animal referred to in ITI E 
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Fig. 15.—Schematic drawings of cerebellar cortex and nuclei, showing lesion (black) and 
gliosis (dots) in the paravermal zone of A, the anterior lobe, and B, the paramedian lobule (left 


side of Figure). 


tween fore- and hindlimbs was not affected. 


\t rest, the foreleg was frequently held off 


the ground, flexed, and the hindleg was 
often held aloft when walking had stopped 
at this phase of the stepping sequence or 
when the animal stretched his hindquarters. 


The resting tone was shifted to flexion in 
the ipsilateral limbs; and when the animal 
was suddenly lifted from the ground or 
pushed to the opposite side, these limbs im 
mediately flexed. Tactile placing and hop 
ping were dysmetric in both ipsilateral legs, 


Fig. 16.—Schematic drawings of cerebellar cortex showing lesions (black ) in the paravermal 
zone of the anterior lobe (A), and (B) including the simplex (left side of Figure). 
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Figure 17 
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Figure 18 


Figs. 17 and 18. 


Schematic drawings of cerebellar cortex and nuclei, showing lesion (black) 


and gliosis (dots) in the paravermal zone of the posterior lobe (Fig. 17) and of the anterior and 


posterior lobes (Fig 


and these legs were misplaced badly, causing 
falling when the animal attempted to walk 
on elevated bars. Marked piloerection along 
the dorsum of the back, especially at the base 


of the tail, was present. The symptoms per- 


18) (left side of Figure). 


sisted, somewhat less marked, through the 
survival period. The ipsilateral pupil was 
enlarged for the first five days. 

Unilateral 
vermal 


ablation of the 
cortex in 


rostral 
animals, 


para 
two surviving 
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3 days (5th to 10th folia ahead of primary 
fissure) and 159 days (Fig. 164) showed 
the same symptoms, limited to the ipsilateral 
hindleg. The animal of longer survival had 
a more superficial lesion and was asympto- 
matic by the 89th postoperative day. 

The effects of lesions placed in the para- 
vermal cortex of the caudal four folia of the 
anterior lobe, and into the posterior lobe as 
far as the rostral paramedian lobule, surviv- 
ing Y, 30, 104, and 159 days ( Fig. 194) 
have been described previously (Chambers 
and Sprague’*). These animals showed 
symptoms similar to those described above, 
but limited to the ipsilateral foreleg. An 
additional animal t with a unilateral lesion 
in the paravermal cortex of the caudal an- 
terior lobe (three folia ahead of the primary 
fissure ) and of the simplex (two folia behind 
the primary fissure) again showed similar 
symptoms localized to the ipsilateral foreleg 
survival 


16B). 


1). Two animals with unilateral paraver- 


during a period of seven days 


( Fig 


mal lesions involving the simplex, folium, 


and tuber (middle lobe of Ingvar) with 


slight involvement of Crus I, together with 
the rostral three folia of the paramedian 
lobule in one animal (four days’ survival; 
and the caudal three folia of the 
culmen in another (five days’ survival; Fig. 


Fig. 17), 


18), showed mild symptoms limited to the 
foreleg, and dilatation of the ipsilateral pupil 
for the first three to four days. 

EK. Total removal of one paramedian lobule 
in two animals (76 and 94 days’ survival ; 
Figs. 158 and 19B) resulted in symptoms 
similar to those following ablation of the 
entire paravermal cortex of the anterior lobe, 
but were much milder. The first animal was 
asymptomatic by the 14th day, and the second 
animal had lost all symptoms by the 10th 
day, except hyperactive tactile placing and 
hopping in the ipsilateral 
lasted through the survival period. After 18 


foreleg, which 


days the first animal had a subsequent lesion 
which destroyed the entire paravermal cor- 


+ Animal referred to in III E, Fig. 19 A. 
t Animal in Figure 16 B. 
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tex of the anterior lobe (Fig. 154). The 
animal survived an additional 58 days and 
is described above. The second animal, after 
a period of 97 days, had a smaller lesion 
placed in the paravermal cortex, caudal ante- 
rior lobe, and simplex and was killed seven 
days later (III C, Fig. 194). 

Partial unilateral ablation of the para- 
median lobule was accomplished in two ani- 
mals (Fig. 204 and 8), which showed tran- 
sient symptoms. When the lesion was limited 
to the rostral three folia (76 days’ survival), 
a slight high step was present in the ipsi- 
lateral foreleg for two days. Destruction of 
the caudal four and one-half folia (12 days’ 
survival) resulted in dilatation of the con- 
tralateral pupil for one day, loss of tactile 
placing in the ipsilateral hindleg for one day 
and in the ipsilateral foreleg for four days, 
and high step and weakness in the ipsi- 
lateral hindleg for four days. 
LATERAL ZONI 


IV. Lesions LIMITED TO THE 


(CoRTEX AND DENTATE NUCLEI) 


A. Near-total destruction of one dentate 
the white matter of 
Crura | and II (one animal, 13 days’ sur 


nucleus and most of 
vival; Fig. 21) resulted in symptoms limited 
to the ipsilateral limbs. Loss of tactile plac- 
ing; impairment of visual, vestibular, and 
proprioceptive placing ; reduction of hopping, 
and general poverty of individual limb move- 
ments were observed throughout the survival 
period. There was no detectable alteration 
in postural tone and supporting reflex and 
knee jerks. This animal walked without im- 
pairment on the floor and jumped from a 
height of 3 ft. without defect. However, 
when he was walking on raised horizontal 
hars, a slight misplacement of the ipsilateral 
feet was seen, but there was no oscillating 


limb, searching movements or tendency to 


fall, such as were seen in the interpositus 
lesions. Only a slight change in these symp- 
toms occurred during the survival period. 
The hopping reflexes and the postural plac- 
ing reflexes (vestibular, visual, and proprio- 
ceptive) became brisker by the eighth day, 
although they remained hypermetric and of 
high threshold. 
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Fig. 19. 


Schematic drawings of cerebellar cortex and nuclei, showing lesion (black) and 
gliosis (dots) in the paravermal zone of (A) anterior and posterior lobes and (B) paramedian 
lobule only (left side of Figure). 
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Fig. 20. 


Schematic drawings of cerebellar cortex and nuclei, showing lesion (black) and 
gliosis (dots) in the rostral (4) and caudal (B) parts of the paramedian lobule (left side of 
Figure). 
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Figure 


Figure 
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Figs. 21 and 22.—Schematic drawings of cerebellar cortex and nuclei, showing lesion (black) 
and gliosis (dots) in the dentate nucleus (left side of Figure). 


The most striking symptoms—the total 
loss of tactile placing and the poverty of cer- 
tain movements—were especially interesting 
because of the lack of changes in tone and 
deep reflexes and the absence of any abnor- 
672 


mality of limb position or of any deficit in 
walking on the floor. The poverty of move- 
ment was as follows: 

(a) When the cat was held in the air for 
testing placing reactions, the ipsilateral limbs 
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were immobile, did not show searching move- 


ments, and were not generally used to 


attempt to dislodge the observer’s hand. 
(b) 


suddenly lowered, to test 


When the animal was held in the air 
and vestibular 
placing, the ipsilateral limbs showed brisk 
toe fanning but did not follow this with 
extension of the leg and dorsiflexion of the 
wrist and ankle, seen on the opposite side. 
(c) When the animal was held supine for 
testing of tone and supporting reflexes, the 
ipsilateral limbs showed lack of variability in 


CEREBELLUM 


hopping reflexes, the animal struck and batted 


accurately at a moving string with the 
affected forelimb. 

B. Total destruction of one dentate nucleus 
with additional encroachment of the lateral 
aspect of the nucleus interpositus (one ani- 
mal, 14 days survival; Fig. 22) showed in 
addition to the symptoms described above 
(IV A), the following defects of the ipsi- 
lateral limbs: (a) goose-stepping gait, (>) 


(c) 


while 


slight increase in extensor tone, and 


serious misplacement of these legs 


Fig. 23.—Schematic drawings of cerebellar cortex and nuclei, showing lesion (black) in the 
caudal lateral (paraflocculus) part of the dentate nucleus (left side of Figure). 


tone. They did not withdraw when passively 


extended, nor did they respond (flexion 
avoidance) to touch or pinprick. When the 
prick was strong, the animal’s protest con- 
sisted of crying and striking with the contra- 
lateral legs, an observation which indicates 
that some motor, as well as sensory, impair- 
ment is present. Likewise, anal and vaginal 
winking were not elicited by prick of the 
ipsilateral thigh and ischial tuberosity. 

It should be pointed out, finally, that, 
despite the above deficits and the hypermetria 
of proprioceptive and visual placing and of 


walking on elevated bars, with the charac- 
teristic oscillation of the interpositus lesion. 
By the end of the survival period no deficit 
was seen in walking on the floor ; propriocep- 
tive placing was brisker and less hypermetric, 
and the asymmetry of tone was barely per- 
ceptible. The deficit in walking on horizontal 
bars remained without improvement and 
resulted in frequent falls toward the side 
of lesion. 

C. Destruction of that part of the dentate 
nucleus to which the paraflocculus projects 
22 days’ survival; Fig. 23) 
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Figs. 24 and 25. 
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ible deficit in tone, posture, gait, or reflexes 
during a period of seven days after operation. 
Subsequent bilateral ablation of the sigmoid 
gyri caused no asymmetry in the symptoms 
following this lesion. 

Similar cortical destruction in Crus I, but 
extending deeper into the white matter over 
the nucleus interpositus and the dentate 
nucleus with subsequent gliosis of those 
nuclei (one animal, 14 days’ survival; Fig. 
25) gave symptoms of a total interpositus 
lesion for the first three postoperative days, 
except that tactile placing was markedly 
reduced but not abolished in the ipsilateral 
foreleg. All deficits had disappeared by the 
fourth day except for slight symptoms of 
goose step, wrist instability, circumduction, 


and increase in supporting reflex of the ipsi- 


(2) 


5 


Schematic drawings of cerebellar cortex and nuclei, showing lesion (black) 


and gliosis (dots) in the cortex, Crus I, of the lateral zone (left side of Figure). 


resulted in no deficit except dilatation of the 


contralateral pupil. 


D. Unilateral cortical lesion in Crus I (one 


animal, 22 days’ survival; Fig. 24) without 
involvement of the nuclei showed no discern- 
674 


lateral limbs. There was also a mild mis- 
placement of these legs when walking on 
elevated bars. By the 14th day no deficit in 
walking was present. Only the slightest 


asymmetry in supporting reflex and in mis- 
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placement of the ipsilateral foreleg on the 
elevated was found. The contralateral pupil 
was slightly larger for the first time on this 
day. 
COMMENT 

The evidence for the physiological validity 
of longitudinal, vermal, and paravermal corti- 
cerebellum of the 
cat has been presented in detail elsewhere 
The lateral 
longitudinal zone was not included in that 


conuclear zones in the 


(Chambers and Sprague "*). 


INTERPOS. N. 
DENTATE. N. 


Fig. 26 
fastigial nuclei, diagramed in Figure 5. 


Photograph showing the extent 


paper, and the evidence for its function will 
now be discussed. It consists of the dentate 
nucleus and all cortex projecting to it, which 
in the cat includes Crura I and II and the 
paraflocculus ( Jansen and Brodal **). In our 
hands, attempts to destroy the dentate nucleus 
unilaterally by stereotactic lesion have re- 
sulted in some involvement, gliosis, and peri- 
vascular cuffing of the closely adjacent 
nucleus interpositus. Two animals are de- 


scribed in this paper: One, which had mild 


of 
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interpositus involvement (Fig. 23), showed 
a typical interpositus syndrome, although the 
symptoms were milder and showed better 
recovery than following the interpositus le- 
sion. The second animal, in which a small 
medial part of the rostral dentate was spared, 
and only slight involvement of the middle and 
caudal parts of the nucleus interpositus was 
found (Fig. 22), showed only that part of the 
interpositus syndrome involving placing and 


hopping reflexes and poverty of movement. 


PARAVERMAL 
CORTEX 


the bilateral lesion in the vermal cortex and 


No deficit in tone or locomotion was discern- 
ible after the first few postoperative days. We 
must conclude that the dentate nucleus, or at 
least certain parts of it (that part to which 
the paraflocculus projects | Fig. 24] is not 
involved), shares with the nucleus inter- 
positus the cerebellar control of placing and 
hopping reflexes and of voluntary movements. 

Unlike the cortex of the paravermal and 
vermal zones, ablation of the cortex of the 
lateral zone (Crus I) was asymptomatic. No 
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Fig. 27,—Photographs showing the extent of the unilateral ablations of the paravermal cortex 
in the anterior lobe (4) and in the paramedian lobule (8), diagramed in Figure 15. 
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asymmetry of posture, gait, or skilled move- 
ments became apparent when the sensori- 
motor cortices of the cerebrum were subse- 
quently ablated, a procedure which altered 
and intensified in the monkey the symptoms 
of cerebellar lesion alone (Carrea and Met- 
tler **). 

These negative findings following cortical 
ablation of Crus I are opposed to the persist- 
ent reports in the literature of involvement 
(ataxia, asynergia, high step, disturbance of 
position sense, “weakness” ) of the ipsilateral 
foreleg (van Rynberk ||; Ariéns Kappers, 
Huber, and André-Thomas*), 
based chiefly on the work of Bolk,® van Ryn- 
berk,** Pagano,* Grey,*? Goldstein,?* and 
Rothmann.{ The later study of Ferraro and 
Davidoff *® reported asynergia in both ipsi- 
lateral legs, especially the foreleg after abla- 
tion of Crus I. Most of these investigators 
did not supply histological evidence of the 
extent or specificity of their lesions. Lacking 
this, we are forced to conclude that their 
lesions in Crus I also involved the closely 
adjacent paravermal cortex of the anterior 
lobe, or extended deep enough to injure the 
rostral part of the nucleus interpositus. The 
infringement on the paravermal cortex 
would, according to our findings, result in 
ipsilateral flexion, while the deeper nucleus 
interpositus encroachment would give ipsi- 
lateral extension, both with accompanying 
asynergy. Similarly, hindleg effects following 
lesions in Crus II can be explained, in the 
absence of histological evidence to the con- 
trary, by encroachment on the paramedian 
cortex or that part of the nucleus interpositus 
to which it projects. These assumptions are 
supported by the qualifications of several 
workers: Marassini,*° Luna,** and Roth- 


mann *4 


maintain that only when the most 
medial parts of Crus I or II are involved do 
these lesions give the described symptoms in 
the fore- and hindlimbs, respectively. Vin- 


cenzoni*® found no abnormality following 
ablation of the ansiform lobe in the goat, but 


subsequent extension of the lesion into the 
|| References 48 and 49. 


{ References 43 and 44. 
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lateral simplex lobule brought out flexion and 
high step of the ipsilateral forelimb. Grey ** 
found very mild and transient (two to five 
days) symptoms when his lesions of Crura | 
and II spared those medial parts bordering 
on the paravermal zone. Brinnert (cited by 
Grey **) emphasized the effectiveness of 
partial or superficial lesions in Crura | and II 
and specifically stated that high step of the 
ipsilateral foreleg only followed destruction 
of all parts of Crus I (i. e., including the 
most medial part). Keller, Roy, and Chase * 
found mild but transient symptoms in the dog 
and monkey after ablation of the cortex of 
Crura I and II and the paramedian lobule, as 
did Botterell and Fulton * and Carrea and 
Mettler 


denied any localization of the limbs in the 


in the monkey; these workers 


ansoparamedian lobe, but their lesions were 
in no case specific enough to rule out this 
possibility. Rothmann ** and André-Thomas 
and Durupt ° both found localization of de- 
fects in the hindleg following lesion in Crus 
Il in the monkey (André-Thomas‘*). We 
feel that the symptoms described by them 
were due to the involvement of the para- 
median lobule and/or the nucleus interposi- 
tus.# Manni * likewise describes the changes 
in tone of specific limbs following localized 
lesions in the cortex of the crura of the 
guinea pig; in addition, he found alterations 
in the trunk. We cannot properly evaluate 

# André-Thomas * (1922) reported careful histo- 
logical checks on unilateral lesions which attempted 
the destruction of the fastigial nucleus, and of the 
cortex of Crus II in two dogs, both of which were 
part of larger series described earlier by him.1% 
The fastigial lesion was found to extend to 
the opposite nucleus fastigius and to injure the 
ipsilateral medial vestibular nucleus. The animal 
with a lesion in the ansiform lobe showed histo- 
logical involvement of the dentate nucleus and the 
lateral part of the nucleus interpositus, as well as 
the superior folia of the paramedian lobule. In spite 
of this, André-Thomas considered that the re- 
mainder of his series of lateral lesions, undocumented 
histologically, demonstrated functional localization 
of the foreleg in the cortex of Crus I and of the 
hindleg in Crus II. These lesions, the surface extent 
of which was shown schematically, were even more 
medial in position than the one with histological 
verification. 
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the effects of his lesions, which were dif- 
ferent from ours, because the nuclear projec- 
tions of the various parts of the cortex are 
not known in this animal. It appears from his 
figures that his “crural” lesions included not 
only the lateral but also the paravermal zone, 
and apparently in the vermal 


some cases 


cortex as well. 


Finally, it should be pointed out that, 
according to the concept of cerebellar organi- 
zation proposed in the present paper and in 
that of Jansen and Brodal,* the paramedian 
lobe and the ansiform lobe should not be con- 
sidered together. Total removal of one para- 
median lobule resulted in symptoms similar 
to, but milder than, those following a lesion 
of the paravermal cortex of the anterior lobe, 
and in one animal they disappeared after 14 
days. Similar results were obtained by Fer- 
raro and Davidoff '® and by Mussen,*® also 
in the cat, although no histological data were 
given by them. Grey ** reported (in the dog) 
no effects in the limbs but only transient 
(two to three days) pleurothotonos to the 
side of the paramedian lesion. Similar obser- 
vations were made in the dog by van Ryn- 
described forced rolling and 


berk,*? who 


pleurothotonos. Neither Grey nor van Ryn- 
berk made histological studies, but it appears 
to us certain, on the basis of our work, that 
their lesions extended beyond the paramedian 


lobule 


nucleus, in the case of the former, and into 


into the closely adjacent fastigial 


the vestibular nuclei, in the latter. 


SUMMARY 

This paper supports the concept of func- 
tional organization of the cerebellum in longi- 
tudinal, corticonuclear zones and is opposed 
to that theory which localizes function in the 
various lobes defined by comparative and 
embryological data. 

The previous evidence of functional or- 
ganization, obtained by stimulation and abla- 
tion, has been interpreted chiefly on the basis 
of the distribution of cerebellar afferent 
systems. The present concept emphasizes the 
efferent projections, originally defined ana- 


ences 29 and 30. 
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tomically by Jansen and Brodal.+ Their 
specific corticonuclear connections, described 
in Marchi studies, are supported by selective 
nuclear gliosis following cortical lesions seen 
in Nissl preparations (Figs. 6, 7, 15, 18, 20, 
and 21). 


The 
tiguous, but independent, halves, composed 


vermal zone consists of two con- 
of cortex and fastigial nucleus, each of which 
controls the posture, tone, locomotion, and 
equilibrium of the entire body and function- 
ally resembles closely the extrapyramidal 
portion of the cerebrum. No qualitative dif- 
ference exists between the symptoms follow- 
ing ablation of the vermal cortex of the 
anterior lobe and the rostral one- half of the 
fastigial nuclei and those following the abla- 
tion of the posterior lobe of the vermis (and 
the the 


Somatotopic localization is 


nodulus) and caudal one-half of 
fastigial nuclei. 
present in the vermal cortex, with maximal 
involvement of the tail in the lingula ; hind- 
legs and pelvic girdle, in the centralis and 
rostral cumen ; forelegs, pectoral girdle, head, 
and neck, in the caudal culmen; head, neck, 
and forelegs, in the simplex, and head, neck, 
and eyes in the tuber and folium. However, 
the entire body was involved to a less pro- 
nounced extent in each lesion, Localization in 
the fastigial nucleus had a similar orientation, 
but its minimal representation was limited to 
the fore- or hindparts of the body. 
Vestibular function is not limited to the 
lobe, 


vermal 


but is a function of 


The 


anatomical unit, based on its efferent con- 


flocculonodular 


the entire zone. vermis is an 
nections, and a physiological unit, based on 


its electrical stimulation and ablation. 


Each paravermal, intermediate zone, con- 


sisting of paravermal cortex and nucleus 
interpositus, controls the postural placing 
and hopping reflexes, tone, and individual 
movements of the ipsilateral limbs, and func- 
tionally resembles the pyramidal part of the 
cerebrum. The function of this zone is similar 
in the anterior and the posterior lobe, being 
quantitatively greater in the former except 
that the regulation of tactile placing is a 
property of the anterior lobe only. Somato- 


+ References 29 and 30. 
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topic localization in the cerebellum reaches 
its greatest discreteness in the paravermal 
cortex, especially that in the anterior lobe. 

The cortex of the lateral zone in the cat 
does not appear to be involved in the regula 
tion of posture or progression, whether this 
is tested by cerebellar lesion alone or such 
a lesion combined with destruction of the 
sensorimotor cortex of the cerebrum. The 
postural function of the dentate nucleus is 
limited at most to a regulation of placing 
and hopping reflexes and volitional move- 
ments of the ipsilateral limbs. No somato- 
topic localization was found in the lateral 
zone, although it has not been exhaustively 
explored. 

The inclusion of the so-called middle lobe 
vermis (tuber and folium) and the para- 
median lobule with Crura I and II as a 
functional unit is strongly opposed by the 
evidence presented here. The tuber and 
folium belong with the vermal zone; the 
paramedian lobule belongs with the paraver- 
mal zone. Likewise, the anterior lobe cannot 
be referred to as a single functional unit, nor 
can it properly be termed vermis alone. 

The symptoms obtained from the nuclei 
of the vermal and paravermal zones are 
the reciprocal of those characteristic of their 
respective cortices. This reciprocality was 
obvious following even small cortical and 
nuclear lesions, which show precise somato- 
topic localization. This observation appears 
to demonstrate beyond question that these 
nuclei have both an afferent supply and a 
function independent of the cerebellar cortex. 
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Effect of Hydrocortisone 


on 
An Experimental Study 


SHAUL FELDMAN, M.D. 

ALBERT J. BEHAR, M.D. 

and 

MONI SAMUELOFF, M.D., Jerusalem 


It has previously been shown in acute and 
chronic experiments that cortisone can be 
administered repeatedly in certain doses into 
the cisterna magna of cats with safety.* As 
a continuation of these experiments, we have 
investigated the effect of cortisone and hy- 
drocortisone administered intracisternally on 
the formation of experimentally produced 
piarachnoid adhesions. 

Since the first report * on the depressing 
effect of cortisone on the formation of con- 
nective tissue, numerous investigations have 
been carried out that have confirmed these 
findings. It has been shown that this hor- 


mone was able to inhibit the formation of 


experimentally produced peritoneal,’ peri- 
cardial, and pleural * adhesions in animals. 
However, there is only one report on the 
effect of adrenocortical hormones on experi- 
mentally produced piarachnoid adhesions.’ 
In the present paper the effect in cats of 


adrenocortical hormones on piarachnoid ad- 


hesions produced by intracisternally admin- 
istered talcum is described. 
METHODS 


AND MATERIALS 


Forty-seven cats on a free diet and weighing 
between 2 and 4 kg 


were used. Cisternal punctures 


Received for publication June 2, 1955. 
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were performed with the animals under ether 


anesthesia and under sterile conditions. A sterile 


well-ground talcum suspension in saline containing 
250 mg. per cubic centimeter was used. Fifty milli- 
grams of this substance per kilogram of body weight 
was introduced slowly into the cisterna magna after 


a small skin incision had been made to facilitate 


the penetration of the needle. After the introduction 
of the talcum the cisternal fluid was aspirated and 


reinjected two or three times in order to obtain 


a uniform dispersion of the suspension. Twenty- 
two animals served as controls; 11 received repeated 


intracisternal injections of cortisone acetate, and 14, 


ot hydrocortisone acetate,* every two or three days. 


Hormone injections were started on the seventh 


day after the administration of talcum and were 


continued till the end of the experiment. Each 


injection contained between 2 and 3 mg. of the 


hormone per kilogram of body weight, as these 


doses were tound to be innocuous when given intra- 


cisternally In two animals the treatment with 


hydrocortisone and cortisone was stopped on the 


25th and 30th days, respectively, following the 


both 


on the 43d day of the experiment. 


introduction of talcum, and cats were killed 


\fter an animal 


died or was killed, the whole brain except tor the 


olfactory lobes, together with the first 3 cm. of the 


cervical spinal cord, was fixed in 5% _ neutral 


formalin for at least three weeks. For histological 


examinations paraffin sections from the spinal cord 


and various parts of the cerebrum were stained 


with hematoxylin and eosin and with Foot’s or 


Laidlaw’s method for reticulin. In addition, for 


comparative studies of treated and _ nontreated 


animals, a standard section was selected from each 
brain. This consisted of a 2-mm.-thick slice cut 
along the median line of the brain stem and included 
the interpeduncular cistern, pons, and medulla with 
The 


days of survival following the introduction of talcum 


their corresponding piarachnoid. number of 
and the number of injections of the hormone given 
each animal are shown in the accompanying Table. 


* Supplied by Dr. F. K. Heath, of Merck & 


Company, Inc. 
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Effect of Adrenocortical Hormones on 
Piarachnoid Adhesions 


Survival 
Period, 
in Days, 
Following 
Intra 
cisternal 
Injection 


No. of 
Intra- 
cisternal 
Injections 
ot ot 
Taleum Hormone * 

Hydrocortisone 


14 (4 cats) 
15 


43 (treated up to 25th day)....... 


Cortisone 


} (treated up to 30th day) 


‘reatment was started on the seventh day 
administration; each injection contained 
I f the hormone per kilogram of 


following 
between 
body weight. 


RESULTS 

No particular reactions were observed in 
the majority of animals during the introduc- 
tion of the talcum or injection of the hor- 
mone intracisternally; in a few cases only 
the animal jerked when the needle was intro- 
duced into the cisterna magna. Usually the 
animal recovered quickly from the ether an- 
esthesia. No obvious neurological disturb- 
ances were observed during the period of 
the experiments, but the animals which died 
became drowsy a few days before death. 


Macroscori IN NONTREATED 


ANIMALS 


FINDINGS AND 

In all animals, treated and nontreated, the 
main mass of talcum powder injected was 
found within the subarachnoid space along 


the basal surface of the brain stem. Some 


talcum was seen in the cisterna magna, as 


well as within the subarachnoid space of the 
portion of cervical cord examined. Over the 
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convex surfaces of the cerebral hemispheres 
the meninges were translucent and glisten- 
ing in all cases except two, which had puru- 
lent meningitis, and these were therefore 
excluded from further study. Internal hy- 
drocephalus was not found in either the 
the 
the observation period. 


treated or nontreated animals during 


Microscopic FINDINGS 
Nontreated 


killed six, seven, and eight days after the 


Animals. In five animals 


talcum injection the histological picture was 
identical. The piarachnoid space was dis- 
tended by the presence of talcum particles 
in large quantities lying free within the 
space. Some of them, adjacent to the pia 
mater, were surrounded by histiocytes hav- 


Fig. 1—Piarachnoid seven days after introduction 
of talcum, just before treatment was started. All 
talcum particles are lying free within the piarach- 
noid space. Along pia (top) a mild inflammatory 
reaction is seen. Hematoxylin-eosin stain; 140. 


ing small, pyknotic nuclei and scanty, eosino- 


philic cytoplasm. In these areas a mild to 


moderate infiltration with polymorphonuclear 
cells and lymphocytes was also present. In 


one case there were a few small areas of 


severe acute inflammation with vasculitis 


and karyorrhexis of exudative cells. With 


special stains a fine and scanty reticulum 


network along the pia mater was revealed, 


with short twigs hanging over into the 


subarachnoid space. 
In brief, the pathological state on the 
seventh after talcum 


day administration, 


just before treatment with either cortisone 


) 
= 1 
17 ) 
eats 
| 
|_| 
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HORMONES—P1tARACHNOID 


ADHESIONS 


1 hydrocortisone was started, was the pres- 
mild 


ence of a acute inflammation in the 


piarachnoid membrane of the cats, while 


histiocytes were just making themselves ap- 
parent around talcum particles nearest to 


the pia (Fig. 1). Identical histological find- 


ings were found on the sixth and on the 


eighth day. 


From the eighth day onward the histo- 


logical picture in the nontreated animals was 
of histio- 
cytes within the subarachnoid space, as well 


one of progressive accumulation 


as an increased rate of phagocytosis of the 
talcum particles. On the 15th almost 


all particles were within macrophages, many 


day 


of them of the foreign-body giant-cell type 
2A). By the 


surrounded 


(Fig. 19th day all particles 


were within the subarachnoid 


Space by poorly vascularized foreign-body 


granuloma-like tissue, including some fibro- 
adhesions 


The 


accompa- 


cytes. This tissue formed dense 


between the pia and the arachnoid. 


accumulation of histiocytes was 


nied by progressive spread of the reticular 


network throughout the whole length and 


Fig. 2—A, 15-day nontreated animal. Most 
talcum particles are surrounded or engulfed by 
histiocytes. Hematoxylin-eosin stain; x 140. B, 16 


days; treatment with cortisone. Most talcum par- 
ticles are lying free within the piarachnoid space. 
Along the pia some particles are surrounded or 
phagocytosed by histiocytes. Hematoxylin-eosin 
stain; x 140. C, 15 days; treatment with hydro- 
cortisone. Almost all talcum particles are lying free 
within the subarachnoid space. Few histiocytes and 
lymphocytes are seen around the blood vessels. 
Hematoxylin-eosin stain; 140. 


width of the space (Fig. 3). Precisely the 
19th day 
control animals that sur- 
, 27, 35, and 43 days, 
4A). 


reaction was observed 


same lesions as those seen on the 


were found in the 
vived for 23 respec- 


tively (Fig. A moderate inflammatory 
in the leptomeninges 
in all animals. 


Treated 


and particularly in 


Animals. — In cortisone-treated, 


hydre cortisone-treated, 


animals a definite retardation in the process 


Fig. 3—Control, 22 days. The reticulum network 


follows pattern of distribution of histiocytes. Laid- 
stain; x 140. 


law’s reticulum 


2" = 5 
they 
AS 
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Fig. 4.—A, 30-day control. All talcum particles are phagocytosed by macrophages, many of 


them of the foreign-body giant-cell type. 
x 140. 


B, 30 days; treatment with cortisone. 
particles are either surrounded or engulfed by histiocytes. 


Hematoxylin-eosin stain; reduced to 80% of mag. 
Along the pial side of the piarachnoid talcum 


Many particles are still lying free 


within the piarachnoid space. Hematoxylin-eosin stain; reduced to 80% of mag. x 140. C, 22 


days; treatment with hydrocortisone. 


Most talcum particles are lying free within the sub- 


arachnoid space. Some of them adjacent to the pia (top) are surrounded or phagocytosed by 
histiocytes. Hematoxylin-eosin; reduced to 80% of mag. x 140. D, 28 days; treatment with 


hydrocortisone. 


Almost all talcum particles are lying free within the subarachnoid space. 


Hematoxylin-eosin stain; reduced to 80% of mag. x 140. 


of histiocytic migration, phagocytosis, and 
subsequent organization of the talcum parti- 
cles in the subarachnoid space was observed. 

Thus, while on the 15th day almost all 
talcum particles in the control animals were 
either surrounded or engulfed by macro- 
phages, in cortisone-treated animals on the 
16th (Fig. 2B), and even on the 17th, taleum 
day many of the particles were still lying 
free within the subarachnoid space, while 
others had histiocytes attached to them, the 
latter showing only slight phagocytic activity. 
Up to the 30th day after talcum administra- 
tion (Fig. 4B), a histological picture was 
observed in the piarachnoid of cortisone- 
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treated animals very similar to that seen on 
the 15th day in the controls. A reticulin net- 
work in cortisone-treated animals appeared 
wherever there were histiocytes and macro- 
phages and closely followed the pattern of 
distribution of these cells within the piarach- 
noid. No morphological differences were 
found in the reticulin and in the inflamma- 
tory reaction of the leptomeninges between 
the control and the cortisone-treated animals. 

In the animals which received hydrocorti- 
sone and were killed on the 15th day follow- 
ing talcum administration (Fig. 2C), the 
histological picture in the leptomeninges was 
that observed on the 7th 


very similar to 
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day in the controls, that is to say, just before 
the animals were placed under treatment. In 
other words, hydrocortisone blocked for eight 
days the leptomeningeal reaction to talcum 
in the state it was in when it first 
injected. Up to the 22d (Fig. 4C) and the 
28th ( Fig. 4D) day after introduction of tal- 


cum the particles were still lying free within 


was 


the subarachnoid space, while others close to 
the pia were surrounded or engulfed by 
macrophages, none of them of the foreign- 
body giant-cell type. Almost no reticulum 
network appeared in these animals (Fig. 5). 
The inflammatory reaction was found to be 
less conspicuous than that in either the con- 


trol or the cortisone-treated animals. 


Fig. 5.—Twenty-two days; treatment with hydro- 


cortisone. Reticulum network follows pattern of 
distribution of histiocytes (cf. Fig. 4C). Laidlaw’s 
reticulum stain; « 140. 


The two animals, one treated with hydro- 
cortisone and the other with cortisone, 
which remained without treatment for 18 and 
15 days, respectively, were killed on the 43d 
day of the experiment, and presented an 
entirely different histological picture. While 
in the hydrocortisone-treated animal the 
changes were similar to those observed on 
the 22d day in another animal treated with 
hydrocortisone continuously (Fig. 4C), the 
picture in the cortisone-treated animal was 
similar to that seen in a nontreated control 


killed after 30 days (Fig. 4A). 


HORMONES—PIARACHNOID 


ADHESIONS 


COMMENT 

It is evident from the present investigation 
that cortisone and, especially, hydrocortisone 
inhibit the development of adhesions in the 
This inhibition 
apparently not due to any factor operating 


subarachnoid space. was 
during the first, or exudative, phase, which 
preceded the productive, or histiocytic, phase. 
In fact, it was in order to avoid such a possi- 
bility that the 
start of the productive phase. We were inter- 


treatment was begun at 
ested in assessing the effect of the adreno- 
cortical hormones on the factors which were 
directly responsible for the development of 
adhesions. By so doing, we wanted, further- 
more, to prevent the mechanism of histio- 
cytic release from having a priori conditions 
different in the treated and in the nontreated 
animals. The administration of the adreno- 
cortical hormones was started on the seventh 
day after talcum administration, as our his- 
tological studies showed consistently that in 
the leptomeninges of cats it is on the sixth 
or seventh day after injection of talcum that 
the initial exudative reaction is lowest, while 
the second, i. e., the productive, phase, is just 
starting to become evident. 

Impairment of macrophagic migration and 
activity in cortisone-treated animals in cuta- 
neous tissue,® as well as in the peritoneal ’ 
and pleural * cavities, has been reported by a 
number of observers, and a similar effect was 
obtained with the topical application of the 
hormone.® Recent studies with radioactive 
substances have shown that the phagocytic 
function of the cells in 
mice is depressed by small doses of corti- 

10 


reticuloendothelial 
sone.*® In our experiments the adrenocortical 
hormones inhibited principally the release of 
histiocytes, as well as their phagocytic activ- 
ity. Cortisone decreases vascular permeabil- 
ity,’ thus impairing the migration of inflam- 
matory cells and consequently reducing the 
local phagocytic activity. Furthermore, the 
primary destructive effect of the adrenocorti- 
cal hormones on the lymphocytes is well 
known, and as these cells, which probably 
constitute the source of tissue macrophages, 
are reduced,® there is obviously a major 
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reduction in the number of macrophages, and 
consequently inhibition of the formation of 
foreign-body giant-cell granulomata, which 
formed the piarachnoid adhesions in our 
experiments. 


The effect of the adrenocortical hormones 
on mesodermal elements is a direct one and 
is not mediated by way of a systemic mech- 
anism causing nitrogen loss from the body. 
This effect has been shown both in the topi- 
cal application of the hormones in cutaneous 
lesions '* and in experimental peritoneal 
In addition, in tissue culture 
studies, it has been demonstrated that hydro- 


adhesions.’ 


cortisone causes considerable and selective 
growth inhibition of fibroblasts and that it is 
much more effective in this respect than cor- 
tisone.** In other experiments cortisone has 
been shown to inhibit the growth of both 
This 


topical effect of adrenocortical hormones is 


fibroblasts and macrophages in vitro. 


well demonstrated by their favorable action 
when introduced intra-articularly in cases of 
rheumatoid arthritis. When the effects of 
cortisone and hydrocortisone are compared, 
a marked superiority in intensity and dura- 
The 
clinical improvement, as well as the effect on 
joint that 
hydrocortisone acts only locally, and not as 


tion of activity is shown by the latter. 


temperature, has demonstrated 
a result of its absorption into the blood from 
the synovial space, as the antiphlogistic effect 
was observed in the injected joint only.’® In 
our experiments as well, hydrocortisone had 
a much greater effect than cortisone on the 
meningeal reaction, and, though nothing is 
known about the absorption of adrenocortical 
the 

that the effect 
especially in view of the slight solubility of 
hydrocortisone acetate. The fact that hydro- 
cortisone had a much longer action than 
the 
which the treatment was stopped more than 


lormones from subarachnoid space, it 


can be assumed was local, 


cortisone, as seen in two animals in 
two weeks before the end of the experiment, 
also indicates that the hydrocortisone crystals 
probably remain longer in the subarachnoid 
space than those of cortisone. Studies on the 
fate of intra-articularly administered corti- 
sone acetate and hydrocortisone acetate have 
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revealed that the latter is found in greater 
concentration in the synovial cells than is the 
former.'? Hydrocortisone is also much less 
soluble than cortisone in body fluids, and thus 
probably diffuses less rapidly from the site of 
local action. These facts, as well as the evi- 
dence that hydrocortisone is the principal 
hormone secreted by the adrenal cortex,’* 
may explain its superiority when applied 
directly to the tissues. 

When the hormone is administered sys- 
temically in doses sufficient to suppress 
inflammation and, subsequently, connective 
tissue formation, there is also a general meta- 
bolic influence, whose side-effects may be 
deleterious, especially if the treatment is con- 
tinued for some time. On the other hand, 
possibly by direct application of relatively 
small doses of hydrocortisone acetate, a high 
concentration of the hormone may be ob- 
tained in a limited area, which will have an 
effect similar to, and even greater than, that 
produced by systemic administration. Such a 
concentration has probably been achieved in 
our experiments, as suggested by the marked 
inhibition of the meningeal reaction in the 
subarachnoid space and the prevention of the 
formation of adhesions. 

While these experiments were in prog- 
ress, Oppenheimer and Riester ° reported the 
effect of intramuscular cortisone on the for- 
mation of piarachnoid adhesions produced by 
talcum in rabbits. It was shown that this 
treatment during 15 days caused inhibition 
of piarachnoid adhesions, as compared with 
control animals. The rabbits under treatment 
lost weight considerably and became mark- 
edly lethargic and emaciated, owing to the 
systemic effect of cortisone. In two animals 
two consecutive intracisternal injections of 
hydrocortisone caused some diminution of 
meningeal reaction. These animals did not 
show, however, the systemic effect observed 
in the cortisone-treated animals. Though 
that 
talcum and 


Oppenheimer and Riester reported 
intracisternal administration of 
hydrocortisone in rabbits caused striking 
convulsive behavior and extensor rigidity, no 


such complications were observed in the pres- 


4 
: 
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ent experiments. As reported previously,' no 
deleterious effects were observed when corti- 
sone was administered repeatedly in small 
doses into the cisterna magna of cats. 

It was impossible to compare the survival 
rate of treated and nontreated animals as an 


index of the efficiency of therapy, since in 
both groups the subarachnoid space was filled 
with taleum particles, which undoubtedly 
interfered seriously with the CSF circulation. 
The repeated anesthesias and cisternal punc- 
tures probably also contributed to the early 
death of a number of treated animals. 

The results of our previous and present 
investigations permit an evaluation of the 
possible use of the adrenocortical hormones 
in the prevention of piarachnoid adhesions. 
Recently, clinical studies have been reported 
in which cortisone systemically and hydro- 
cortisone intrathecally were used in combina- 
tion with antituberculous drugs in the treat- 
tuberculous This 


ment of meningitis.+ 


treatment, when given early, seemed to 


inhibit the formation of piarachnoid adhe- 
sions, and subsequently of subarachnoid 
block, the 


important complications and dangers to life 


thus overcoming one of most 


in this disease. In patients suffering from 


tuberculous meningitis in the Children’s 


Hospital in Helsinki,*' cortisone was given 
by mouth and hydrocortisone was introduced 
by intralumbar injection, suboccipitally, and 
intraventricularly, without apparently any un- 
toward effects, and the impression was gained 
that this 
obstruction of the CSF circulation and short- 


treatment prevented mechanical 
ened the period of treatment. Our experi- 
mental data bring direct evidence that in fact 
the formation of piarachnoid adhesions can 
be inhibited by the early intrathecal adminis- 
This 


finding, as well as the recent clinical obser- 


tration of adrenocortical hormones. 
vations ** that hydrocortisone in certain doses 
when administered by the intralumbar or the 
suboccipital route, is tolerated perfectly well 
and does not cause any damage to the organ- 
ism, seems to us to be of considerable practi- 


cal importance. 


+ References 19 to 21. 
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There are other causes of adhesive arach- 
noiditis besides tuberculous meningitis for 
which there is no treatment and which may 
cause severe pathological changes in the cen- 
It is 
should be 


tral nervous system, and even death. 
that 
administered intrathecally early in such cases, 


suggested hydrocortisone 
as well when there is evidence of a progres- 
sive process, and especially when systemic 
hormones 


administration of adrenocortical 


may be contraindicated. 


SUM MARY 

The effect of intracisternal cortisone and 
hydrocortisone on the formation of talecum- 
induced piarachnoid adhesions was investi- 
the 
were 


gated in cats. In nontreated animals 


dense adhesions formed. Repeated 
intracisternal administration of cortisone and, 
especially, of hydrocortisone at intervals of 
two or three days in 25 animals decreased 
mainly the migration and phagocytic activity 
of the histiocytes in the subarachnoid space, 
and thus inhibited the formation of foreign- 
body giant-cell granulomata, which formed 
the piarachnoid adhesions in the nontreated 
animals. 

The practical application of these findings 
is discussed, and it is suggested that intra- 
thecal hydrocortisone be tried in pathological 
conditions of the central nervous system 
which are associated with the formation of 


piarachnoid adhesions. 
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Physiology and Biochemistry 


Tue EXPERIMENTAL ANATOMOPHYSIOLOGIC APPROACH TO THE STUDY OF DISEASES OF 
BasaL GANGLIA. F. A. METTLER, J. Neuropath. & Exper. Neurol. 14:115, 1955. 


THE 


Mettler presents his thesis that many neurologic disorders and some of the diagnostic 
categories of psychiatry are complexes, rather than entities, and are precipitated by a potentially 
variable pathophysiology. He further suggests that, instead of the search for a “cause” of a 
number of these illnesses, more profit might be obtained from the analyses of the basic physiologic 
distortions. 

Certain factors must be kept in mind during such an analysis: (1) factors of safety; (2) 
substitution of inferior function, wherein the organism adapts to an altered state; (3) integrative 
action, which implies that the frame of reference obtained when a particular system is being 
tested may determine what the function of that system is, and (4) algebraic summation, in which, 
in general, it is noted that neural lesions summate not in arithmetical, but in algebraic, manner, 
so that the addition of two lesions is greater than the sum of what is seen when they occur 
separately (principle of supramaximal summation), or a second lesion may be of such a nature 
as to offset the nature of the first (principle of negating summation). 

Mettler states that ataxia is admittedly due to interference with the cerebellum or of its afferent 
or efferent pathways, although the extent to which some such phenomena may be present is a 
subject which requires some clarification. In regard to simple tremor (rest tremor), he sum- 
marizes some conflicting views and states that simple tremor, like ataxia and ataxic (intention) 
tremor, is the consequence of interference with cerebellar apparatus. Simple tremor is the 
consequence of interference with the analogue of the brachium conjunctivum posterius, or the 
caudal projection of the superior cerebellar peduncle. Ataxic tremor is due to damage of the 
brachium conjunctivum anterius, or the rostral projection of the superior cerebellar peduncle, 
through the cerebellothalamic and cerebellopallidal projections. 

In discussing chorea, choreoid activity, ballism, and athetosis, Mettler notes the difficulty in 
clearly defining these phenomena and the overlap among them. In this group of disorders, the 
correlation between pathologic findings and the clinical picture is reasonably definite for ballism 
and for athetosis. In the former, damage to the nucleus Luysi is seen. Hyperkinetic phenomena 
are usually associated with supratentorial lesions involving the fibers of the brachium con- 
junctivum. 

Hypokinesis may be due to loss of mechanisms required for associated movements, as in 
damage (or reversible dysfunction) to the pallidum, substantia nigra, or red nucleus; to impair- 
ment of the conditions necessary for the freedom of movement, as in the development of rigidity, 
or to a loss of drive, which may result from reduced focalized sensory irradiation of the motor 
system. 

Spasticity consists in increased sensitization of myotatic reflexes to proprioceptive stimulation. 
Rigidity may profitably be regarded as an abnormal bombardment of the myoneural outflow 
by vestibular or proprioceptive influences due to the release of impulses from the vestibular 
nuclei themselves or the pallida, or at levels between the pallida and the cortex, including the 
latter, such as may occur in cerebral palsy. 

Mettler suggests that in paralysis agitans, because of the natural variability in the clinical 
conditions, there is damage to several systems, which for some reason may be involved simul- 
taneously. Approaching the problem from this point of view, he notes that a satisfactory structural 
basis for each of the individual elements in the disease complex can be established. Thus, damage 
to the fibers which lie in the ventral part of the brachium conjunctivum, and which progress 
between the red nucleus and substantia nigra to the zona incerta, and thence to the thalamus and 
globus pallidus, results in simple tremor, the type generally considered characteristic of paralysis 
agitans. When ataxic tremor is present, involvement of the fibers in the dorsal two-thirds of 
the brachium conjunctivum is to be expected, and intrinsic cerebellar or more generalized lesions 
should be considered, a circumstance which should lead to a guarded prognosis and which very 
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probably is a contraindication to surgical intervention. A marked degree of rigidity occurs only 
with lesions at supratentorial levels when there is abnormality in the internal capsule or in such 
location as to involve both corticifugal and extrapyramidal fibers. Paucity of movement may 
arise either as the consequence of rigidity or because of true hypokinesia due to loss of pallidal 
function. Vegetative disorders, similarly, may arise from hypothalamic dysfunction or interference 
with pathways entering or leaving this structure. 

It is noted that the mechanisms concerned lie in a rather small area which has as its center 
the apex of the pallidum and includes the tegmental fields of Forel, projections of the pallidum 
and adjacent internal capsule, and subthalamic decussation. This is one of the regions which is 
involved by encephalitis, and which presents certain peculiarities of vascular supply, transitional 
between the basilar and the carotid arteries, and specifically supplied by the posterior communi- 


ating arteries 
SIEKERT, Rochester, Minn. 


SEIzURE PATTERNS INDUCED BY ELECTRICAL STIMULATION OF HIPPOCAMPAL FORMATION IN 
rHE Cat. O. J. ANpy and K. AKxert, J. Neuropath. & Exper. Neurol. 14:198, 1955. 


Andy and Akert report observations on the hippocampal formation in cats. The low con- 
vulsive thresholds for mechanical stimulation, lower than any other part of the brain, and for 
electrical excitation, about as low as, or lower than, the motor cortex, were noted. Simple 
insertion of electrodes into the hippocampus may elicit a sudden burst of electrical activity, 
called “injury discharge,” which can develop slowly into a well-differentiated and synchronized 
discharge pattern, spreading to cortical and subcortical structures. Electrical stimulation of the 
cornu ammonis produces a characteristic EEG discharge pattern, the predominant feature of 
which is a train of high-frequency and high-amplitude spikes. The propagation of the discharge 
is most pronounced in the limbic system. However, frontal, parietal, and temporal association 
areas are also involved, whereas the primary sensory and motor areas are spared. The function 
of the motor and sensory systems appears unaltered during the discharge in the cornu ammonis, 
since there were adequate and appropriate reactions to visual, auditory, and nociceptive stimuli. 
Pentobarbital (Nembutal) anesthesia raises the threshold of this electrically induced after- 
discharge and decreases its duration. 


Che lack of conspicuous change in behavior of a cat on electrical stimulation of the hippo- 
campal formation was in marked contrast to the impressive changes in the EEG. No motor dis- 
charge, no change of muscle tone, and no overt alteration in behavior occurred as long as the 
after-discharge was confined to hippocampal formation. But with spread of the after-discharge to 
other structures, the spontaneous behavior was altered. When the discharge, propagated through- 
out the limbic system, projected upon the association areas of the cerebral cortex, the animal 
ceased its spontaneous activity, such as lapping milk, and stared or looked around in apparent 
bewilderment. The arrest occurred a few seconds after the onset of the discharge and may have 
been resolved a few seconds before the cessation of the electrical activity. When the after- 
discharge from the limbic system extended to the motor and sensory cortical areas, with the use 


of more current, a major convulsion could be produced. During a hippocampal discharge alone, 


the cat was indifferent to a mouse but attacked as soon as the seizure was completed. Some 
autonomic responses, such as change in respiration, blood pressure, and pupillary size, were also 
observed during these after-discharges 


SIEKERT, Rochester, Minn. 


EFrFrects OF CHANGES IN TEMPERATURE ON REACTIONS OF SPINAL Corp. C. McC. Brooks, 
K. Koizumi and J. L. Marco, J. Neurophysiol. 18:205, 1955. 

In addition to the well-known blocking actions of heat and cold on cord activity, it has been 
found that augmentation of response occurs as temperatures are altered. The mechanism whereby 
cooling produces these increases in response is not thoroughly understood. Studies were carried 
out to determine the effects of changes of cord temperature on the various potentials evoked in 
association with certain types of reflex activity. Progressive cooling of the spinal cord produced 
first an increase in amplitude and duration of potentials recorded from the cord surface and the 
dorsal and ventral roots; but after a critical level was reached, these potentials were reduced 
in magnitude and block ensued. Heating the cord above normal progressively reduced the size 
of the potentials. The cold-induced hyperactivity was not due to hyperexcitability of cord 


elements, because thresholds to direct stimulation were increased. Intramedullary conduction of 


690 


ABSTRACTS FROM CURRENT LITERATURE 


impulses was slowed by cooling and the excitatory processes at synaptic junctions were 


retarded in development, but the “synaptic potentials” resulting were of greater amplitude 
and duration. A lowered excitability of motor neurons was suggested. 

The cold-produced augmentation of the dorsal-root and ventral-root ‘reflex discharge was 
greater than that of the afferent volley. This was ascribed to increase in magnitude of potentials 
in intramedullary elements and to the greater duration of excitatory processes. It was noted 
that as cooling occurred, the threshold of the dorsal and ventral roots to direct stimulation was 
raised. The results of certain experiments indicated that neither cooling nor heating increases 
the electrical excitability of nerve cell bodies or fibers. Since the thresholds were found to be 
raised, it was felt that augmentation of response obtained on cooling cannot be due to an 
intrinsic or induced hyperexcitability of the cord elements. 

[It was found that when an action potential initiated by stimulation of a peripheral nerve 
reached a cool segment of the dorsal root adjacent to a cooled spinal cord, it increased in ampli- 
tude and duration, indicating that the stimulus delivered at the central synapse is much more 
potent than that delivered at normal body temperatures. At supernormal temperatures there 
appeared to be no diminution in the afferent volley at a time when the efferent potentials picked 
up from the roots and the cord began to decrease in amplitude and duration. The hyper- 
responsiveness on cooling is explainable on the basis of amplification of the excitatory action of 
each single neural element, for it was noted that monosynaptic reflexes were not increased to 
as great an extent as were the polysynaptic reflex and the dorsal root reflex. 


SIEKERT, Rochester, Minn. 


CEREBRAL STRUCTURES INVOLVED IN TRANSMISSION AND ELABORATION OF Noxious STIMU- 
LATION. J. M. R. DELGADO, J. Neurophysiol. 18:261, 1955. 


Protective reflexes, grimaces, and vocalization and autonomic manifestations appear in 
monkeys under the influence of noxious stimulation. Since these manifestations are associated 
with pain in humans, it may be supposed that similar sensations are experienced by animals. 
For the purposes of the present study, however, attention was directed mainly to the high-pitched 
vocalization and defensive-offensive movements. The aim of the investigation was to study some 
of the brain structures stimulation of which evokes these responses. The typical pattern consisted 
of (1) vocalization, a rhythmic succession of loud and high screeches; (2) facial grimacing, with 
retraction of the angle of the mouth, wrinkling of the face, contraction of both the upper and 
the lower lip, and retraction of the ear, all contralateral to the stimulated area of the brain; 
(3) defensive and offensive movements; (4) autonomic manifestations, such as pupillary dilatation 
and increased heart and respiratory rates, piloerection, urination, defecation, and salivation, and 
(5) conditioned anxiety. Elicitation of these responses a few times was found to induce signs of 
anxiety, which appeared the moment the animal was placed on the experimental stage and which 
consisted in attempts to escape, biting, and restlessness. Electrical stimulation of the lateral part 
of the tegmentum, the central gray matter, the posteroventral nucleus of the thalamus, the crus 
of the fornix, and the posterior part of the hippocampus elicited the typical pattern. 

In the cat, electrical stimulation of the tectal area induced fighting against control animals, 
showing that the offensive reaction was purposive and well oriented. Stimulation of certain 

of the brain, including the sensorimotor cortex, the middle and anterior portions 
of the cingulate gyrus and the pulvinar, the nucleus medialis dorsalis of the thalamus, the medial 
part of the tegmentum, and the frontal lobes between coordinates A-22 to A-27, did not produce 
this faciovocal response. 

The thresholds to evoke vocalization were increased by the use of pentobarbital (Nembutal) 
sodium. Injection of acetylcholine into the tegmental part of the pons in the region of the 
spinothalamic tract lowered the threshold for the production of vocalization by stimulation of 
that area SIEKERT, Rochester, Minn. 


OcCLUSION OF THE MIDDLE CEREBRAL ARTERY UNDER NORMOTENSION AND ANEMICALLY 
INDUCED AND CHEMICALLY INDUCED Hypotension. B. RAtston, T. RASMUSSEN, and 
T. Kennepy, J. Neurosurg. 12:26, 1955. 


The authors report the extent of cerebral damage following occlusion of the middle cerebral 
artery in monkeys under various conditions of induced hypotension. In the normotensive group of 


animals studied, the middle cerebral artery was ligated and the blood pressure was maintained 
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by blood transfusion and dextran. This caused areas of softening in the head of the caudate 
nucleus, as well as the inferolateral portion of the cortex. Little damage was noted in posterior 
coronal sections. When hypotension was produced by bleeding of the animal, a far more extensive 
softening occurred than in the normotensive group. On the other hand, when Afronad, a thio- 
phonium derivative, was used, a hypotension similar to that encountered with the methonium 
compounds was produced, which resulted in an infarct similar to that found in the normotensive 
group except that there was a greater degree of necrosis locally. This softening was far less 
than that seen in the anemically hypotensive animals. The mechanism of protection offered by 
Afronad is not known, although it may be related to a decreased cerebral blood flow. 

The authors conclude that the benefits of increased safety provided by chemical hypotension 
outweighs the disadvantages of a slight increase in local tissue damage. 


MANDEL, Philadelphia. 


RoLte HypOTHALAMIC MECHANISMS IN THALAMIC PaIn. E. A. Sprecet, M. S. KLetTzkIn, 
E. G. Szexerty, and H. T. Wycis, Neurology 4:739, 1954. 


A number of clinical observations suggest that the hypothalamus may play a role in the 
genesis of the Dejerine-Roussy syndrome. Spiegel and his co-workers studied experimentally the 
effect of thalamic lesions upon the electrical activity of the hypothalamus and upon the evoked 
potentials led off from this area on sensory stimulation. Thalamic lesions were produced in 
the area of the ventral posterolateral nuclei. Two groups of experiments were performed—acute 
experiments, in 16 cats, and chronic experiments, in 10 cats. 

For the development of thalamic pain ascending impulses entering the diencephalon are 
essential, since the thalamic pain disappears if the ascending systems passing through the mid- 
brain are interrupted in sufficient extent that a definite hypalgesia results. 

After elimination of the endings of the long afferent systems in the ventral posterior thalamic 
nuclei, there are three areas where pain impulses may be integrated: in the mesencephalon, par- 
ticularly its tectum; in the hypothalamus, and in the cortex. 

The sensory cortex develops isolation phenomena following a lesion of the ventral posterior 
nuclei but seems to play only an accessory role in the development of the thalamic syndrome, 
since its ablation does not abolish the thalamic pain. The cortical and mesencephalic integration 
of the pain impulses may play a part in determining the localization of the pain, but its tectal 
origin does not sufficiently explain certain features of the thalamic pain, such as its response 
to emotions and the associated vegetative disturbances. 

The authors believe that the entrance of pain-conducting impulses into the hypothalamus plays 
an important role in the genesis of the Dejerine-Roussy syndrome. This view is supported by 
experiments showing that elimination of the ventral posterior thalamic nuclei is able to increase 
the potentials evoked in the hypothalamus by stimulation of afferent nerves. 


AvpPERS, Philadelphia. 


LOcALIZATION OF Brain Lestons By MEANS oF Risa. J. A. Rusuton, H. J. Svren, and E. J. 
Ba.pEs, Proc. Staff Meet., Mayo Clin. 29:478, 1954. 


A total of 121 patients were studied with RISA (radioactive iodine in human serum albumin). 
Of this group, 37 were controls, and the remaining 84 had intracranial lesions. From the results 
of this study, Rushton and his colleagues conclude that this procedure, in its present stage of 


levelopment, is not a useful method for localization of intracranial lesions. 


AvpeErs, Philadelphia. 


Neuropathology 


CyToLoGy AND CELLULAR PATHOLOGY OF THE OLIGODENDROGLIOMAS OF THE Brain. J. R. 

Havens, L. L. ADAMKIEwIcz, and R. Grorr, J. Neuropath. & Exper. Neurol. 14:142, 1955. 

Ravens, Adamkiewicz, and Groff report on the examination of 39 oligodendrogliomas, 
particularly with regard to the cytology and cellular pathology of these tumors. The neoplastic 
oligodendrocytes can be regarded as cells which have not yet completed their differentiation. 
The cytoplasmic extensions do not serve as vascular foot-plates, nor do they exhibit intra- 
cytoplasmic fibrils and gliosomes. Several different types of neoplastic oligodendrocytes were 
encountered. The neoplastic cells more frequently encountered were cells which have a 
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resemblance to Types I and II of the normal oligodendrocytes of del Rio Hortega. Types III 
and IV of the normal oligodendrocytes (del Rio Hortega) were seen less frequently. According 
to the distribution of these neoplastic cells and the amount of mucoid interstitial substance, 
five types of oligodendrogliomas were recognized: diffuse, pseudoalveolar, loose, lacunar, and 
alveolar, each presenting a characteristic appearance. The types, however, were arbitrarily 
chosen and devised to facilitate the diagnosis of the tumor. In the opinion of the authors, there 
is but one principal type, the diffuse type, and the other forms are subtypes of it. 

In these tumors, marked dilatation of the blood vessels, edema, hemorrhagic extravasation, 
and initial necroses were observed. The nerve cells in the central part of the tumor disclosed 
acute degeneration, while in the periphery the pathologic changes in the nerve cells varied in 
degree according to their nutritional status. Almost invariably hypertrophy of the remaining 
astrogliocytes was observed. 

The neoplastic cells definitely in transition displayed two trends, one to the protoplasmic 
and the other to the fibrillary astrocyte. Nine of these 39 specimens were found to be oligodendro- 
gliomas in transition. Those located in the gray matter or near the surface of the brain had a 
tendency to develop into the protoplasmic astrocyte form, while those in the white matter had a 
tendency to develop into the fibrillary astrocyte form. The relationship of the immature cellular 
cytology in oligodendrogliomas can be understood when the presence of glioblasts or spongio- 
blasts is evaluated. The latter cells appear to initiate the tumor growth and are the precursors of 
the oligodendroblasts, which, in turn, appear to have the tendency to develop astroblasts and 
astrocytes; these, then, form oligodendroastroblastomas and oligodendroastrocytomas, proto- 
plasmic or fibrillary, respectively. 

These tumors arise in early middle life, have a longer course of symtoms than do other 
gliomas, and are principally located in the cerebral hemispheres, the frontoparietal lobe being 


most frequently affected. , 
SIEKERT, Rochester, Minn. 


Meninges and Blood Vessels 


A CASE OF PERSISTENT CAROTID-BASILAR ANASTOMOSIS ASSOCIATED WITH ANEURYSM OF 
THE HOMOLATERAL MIDDLE CEREBRAL ARTERY MANIFESTED BY OCULOMOTOR PALSY. 
F. MurtaGu, H. STaurrer, and R. Harvey, J. Neurosurg. 12:46, 1955. 


The authors report a case of aneurysm of the left middle cerebral artery associated with a 
persistent carotid-basilar anastomosis. The patient was a 62-year-old white man who was seen 
because of double vision and pain above the left eye. Neurological examination revealed ptosis of 
the left eyelid with impairment of upward, downward, and lateral movements of the left eye. 
The pupillary responses and corneal reflexes were normal. By means of left carotid arteriography 
with 30% sodium acetrizoate (Urokon), a persistent carotid-basilar anastomosis with a lett 
middle cerebral aneurysm was noted. The aneurysm was then trapped and ligated by a surgical 
approach. Although expressive aphasia and focal Jacksonian seizures occurred postoperatively, 
the patient had no diplopia, aphasia, or headache when examined 18 months later. 

The authors believe this aneurysm is of congenital origin, and they are unable to explain 
the occurrence of the oculomotor palsy without involvement of the pupillary fibers. 


MANDEL, Philadelphia. 


Diseases of the Brain 


BENIGN ForRMsS oF INTRACRANIAL HYPERTENSION—“Toxic” AND “Otitic’” HyDROCEPHALUS. 
J. Forey, Brain 78:1, 1955. 


Foley reports 60 cases of proved intracranial hypertension in the absence of a space-occupying 


lesion. In each case, the ventricles were shown by ventriculography to be normal or smaller than 
normal in size and normal in shape. Furthermore, the ventricular size did not vary with the 
pressure or the duration of the illness. The significance of a normal ventricular system under 
increased pressure is explained upon the basis of the Monro-Kellie hypothesis. When the ventricle 
is obstructed, its dilatation takes place at the expense of the cerebral vascular bed and the fluid 
over the convexity of the hemispheres. If the cerebrospinal fluid pathways are obstructed outside 
the brain, as by thrombophlebitis of the sagittal sinus, the ventricles and subarachnoid space 
will increase at the expense of the vascular bed alone. However, if the venous outlet is 
obstructed, there can be no compression of the vascular bed, and the ventricles will therefore 
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patient thus provides evidence which strengthens our belief that gastric atrophy pre 
cedes the development of both pernicious anemia and subacute combined degeneration of the cord 


in their florid forms 
. orid YASKIN, Camden, N. J. 


NERVOUS DEGENERATION IN MALIGNANT DtsEAsE. W. T. E. McCauGuey and J. H. D. 
Mri AR, Lancet 2:365, 1955 


McCaughey and Millar report an unusual type of neurological disorder in association with a 
bronchial carcinoma which had not metastasized to the nervous system. The patient had weakness 
of the arms, particularly of the hand grip, but the tone was normal. The small muscles of both 
hands were moderately wasted. The legs were rigid in extension. Very slight passive movements 
were possible below the knees, but caused pain. All the tendon reflexes were absent. Vibratory 
perception was absent in all limbs and in the trunk up to the clavicles. Muscle-joint sensation was 
slightly impaired in the fingers. The patient had extensor spasms of the legs. Necropsy revealed 
a neoplasm in the lower lobe of the right lung, which on microscopic examination proved to 
be an anaplastic carcinoma of the oat-cell type. In the spinal cord, demyelination was present 
in the posterior columns, the posterolateral columns, and the posterior nerve roots. No myelin 
degeneration was demonstrated elsewhere in the cord. There was no evidence of damage to 
nerve cells in the cord, the brain, or the cerebellum. Porphobilinogenuria was present. 

The authors suggest that the degenerative process responsible for these disturbances has a 
predilection for certain well-defined parts of the nervous system, producing such conditions as 
sensory neuropathy and myopathy, mixed motor and sensory neuropathy, subacute cortical cere 
bellar degeneration, and proximal motor neuropathy. These conditions have been reported in 


pure form but often occur in various combinations. Little is known about their etiology. 


YASKIN, Camden, N. J 


Treatment, Neurosurgery 


RESULTS OF TREATMENT OF HUNTINGTON’S CHOREA WITH PROCAINE AMIDE HyDROCHLORIDI 


J. A. Lazarte, C. W. Baars, and J. S. Pearson, Am. J. M. Sc. 229:676, 1955. 


Three patients with Huntington’s chorea with severe motility disturbance, but without 


comparable intellectual impairment, were studied to ascertain the degree of their dexterity in 


executing standardized tasks. Two subjects were then given procainamide hydrochloride U. S. P. 
(Pronestyl Hydrochloride) for 35 days, and the third was given a placebo. There was n 


significant change in dexterity or in the chorea in any of the patients tested 
B n, New York 


AQUEDUCT STENOSIS: CLINICAL ASPECTS AND RESULTS OF TREATMENT BY VENTRICULO 
CISTERNOSTOMY (TORKILDSEN’S OPERATION) KENNETH W. E. PAINE and WYLIE 
McKissock, J. Neurosurg. 12:127, 1955. 


Occlusion of the aqueduct of Sylvius may be caused by congenital malformation, post- 
inflammatory ependymitis, neoplasms, or aneurysms. One method of overcoming this obstruction 


was devised by Torkildsen, who provided a new Sylvian aqueduct by passing a soft rubber tube 
from one lateral ventricle through a subgaleal tunnel over the occiput and into the lower end of 


the cisterna maj 


A 
Paine and McKissock report their observations in a series of 24 cases treated by the 
Torkildsen method for non-neoplastic aqueduct obstruction. Symptoms developed before the age 


of 20 years in approximately two-thirds of the patients, the shortest duration of complaints being 


3 weeks and the longest 46 years. Headache was the commonest symptom. It was bifrontal or 


bitemporal, was worse in the morning, was aggravated by exertion, and cleared during the day. 
It was frequently accompanied by nausea and vomiting. Visual impairment and mental changes 
were noted in 11 cases, unsteadiness of gait, double vision, and seizures comprising the remainder 
of the symptoms. The objective findings included evidence of papilledema, in 21 cases, diminished 
visual acuity, nystagmus, increased head size, and pyramidal tract signs. Roentgenograms of the 
skull demonstrated raised intracranial pressure in 20 cases, with erosion of the dorsum sellae 
and digital markings of the vault. Large diploic channels were noted in the occipital bone over the 


posterior fossa. With benign obstructions in childhood, there was a greater relative enlargement 
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of the supratentorial portion of the skull than when the obstruction was in or below the fourth 
ventricle, where the posterior fossa would be enlarged by the tumor and the supratentorial 
portion would be enlarged by hydrocephalus. The authors performed ventricuiugrams with 
iophendylate (Myodil; Pantopaque) in 12 cases in order better to visualize the obstruction of the 
aqueduct. With this method the obstructed aqueduct appeared to be occluded, had a bulbous or 
funneled shape, or was noted to be atresic. 

The short-circuit operation was successful in 18 cases (73%), although successful economic 
results were obtained in only 9 out of 21 followed for more than a year. There were five post- 
operative deaths in the series. The authors conclude that hydrocephalus caused by aqueduct 
stenosis can be relieved by this shunt operation but visual deterioration is unlikely to be 
reversed by the procedure. With earlier diagnosis, the late results of this procedure may be 


im red as the sh eration i cessful in most cases. . : 
improved as the shunt operation is successful in most cases MANDEL, Philadelphia. 


RESULTs OF Direct ATTACK ON NON-FISTULOUS INTRACRANIAL ANEURYSM, WITH REMARKS 
oN Statistics. Cart Grar, J. Neurosurg. 12:146, 1955. 


Graf reports his results of surgery in 55 cases of intracranial aneurysms. This series included 
all patients upon whom surgery was performed as soon as the diagnostic methods were com- 
pleted. The aim was to reduce the mortality and possibility of early recurrent hemorrhages, 
which was commonest in the second and third weeks after the initial rupture. 

In the 55 cases there was an over-all mortality of 45%. Intracerebral hematomas occurred 
in 16 patients, 14 of whom died after surgery. The hematomas were associated with the anterior 
communicating or anterior cerebral artery in nine cases and with the middle cerebral artery in 
five cases. These cases had the highest mortality. The initial neurological deficit revealed that 
nine patients were hemiplegic, four were in coma, and four had papilledema. Most of these 
patients died. 

The author concludes that operation for intracranial aneurysm should be deferred, if 
possible, three weeks after the initial subarachnoid hemorrhage. The mortality of operation 
within this period is as great as when the disease is allowed to follow its natural course. A high 
percentage of patients will die in the early period following subarachnoid hemorrhage, with or 
without surgery. In cases of supraclinoid aneurysms, in which the incidence of hematoma is low, 
recovery is much higher. Carotid ligation, hypotensive drugs, and sympathetic blocking agents 
to reduce vasospasm offer little reassurance that the patient can be protected from a recurrent 


atal hemorrhage before the imal time for surge ; ; 
fatal hemorrhage before the optimal time for surgery. MANDEL, Philadelphia. 


OBSERVATIONS ON VENTRICULAR AND LUMBAR SUBARACHNOID PERITONEAL SHUNTS IN 
HYDROCEPHALUS IN INFANTS. MICHAEL Scott, HENRY WryciIs, FREDERICK MURTAUGH 
and Victor Reyes, J. Neurosurg. 12:165, 1955. 


The authors report their results with ventriculoperitoneal and lumboperitoneal shunts in the 
treatment of progressive hydrocephalus in 32 infants. They noted that the operative procedure 
was well tolerated in all cases and the operative mortality was 5%. Surgical results were better 
in the 22 cases of communicating hydrocephalus than in the noncommunicating type. In this series 
a stainless steel button was suspended into the peritoneal cavity and the extraperitoneal portion 
connected to a rubber tube which was placed in the ventricle or subarachnoid space. It was 
found that the rubber tubing was superior to plastic tubing, since the latter has the disadvantage of 
kinking when bent and becomes brittle when in contact with the spinal fluid over a long period 
of time. The rubber tube was well tolerated in the ventricles, and only a slight capsular reaction 
was noted in the subcutaneous tissues of the skin. The stainless steel button was satisfactory in 
only 50% of the cases, being frequently obstructed by omentum. The authors conclude that the 
shunt operations should not be abandoned, since the operative mortality is low and lives may be 


prolonged. Manpet, Philadelphia. 


PERITONEAL SHUNTS IN THE TREATMENT OF HYDROCEPHALUS AND INCREASED INTRACRANIAL 
PressuRE. IRA J. JAcKSON and S. R. Snoperass, J. Neurosurg. 12:216, 1955. 


Jackson and Snodgrass report their results in the treatment of increased intracranial pressure 
in 62 patients over a four-year period. The ages varied from 3 days to 65 years, but the majority 
were under 14 years of age. The patients were treated by ventriculoperitoneal or by lumbar 
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subarachnoid shunts. The complications were many, but blockage of the tube within the 
abdominal cavity by either omentum or scar tissue occurred most frequently. Obstruction by small 
amounts of cerebral tissue were less frequent in the cranial portion of the tube. Postoperative 
infection, kinking of the tube, and hypotensive headaches were the other complications 
encountered, 

The more successful shunts were in patients with a diagnosis of infantile hydrocephalus or 
pseudotumor cerebri. Only 24 patients in this series had shunts which functioned over one year, 
and the longest was a single shunt which had functioned four years, at the time of the report. 
The authors state from their experience that the longer these patients are followed, the poorer 
are the long-term results. Shunt operations have a very definite, but limited, value in the neuro- 


surgeon’s armamentarium. MANDEI Philadelphia 


MESTINON IN THE TREATMENT OF MYASTHENIA GRAvis. M. R. WEsTERBERG and K, R. 
MaGEE, Neurology 4:762, 1954. 


Twenty-two patients with myasthenia gravis were given Mestinon bromide. Their ages 
ranged from 17 to 64 years; there were 16 female and 6 male patients. The longest period of 
observation was seven months and the shortest three months. Symptoms ranged from mild to 
severe in various patients. The maintenance dose of Mestinon ranged from 90 to 900 mg. a 
day. Most patients found that 60 mg. of Mestinon was equivalent to 30 mg. of neostigmine; 
they therefore used about half as many tablets of Mestinon. 

Twenty-one, or 95% of the patients preferred Mestinon to neostigmine. It gave more pro- 
longed effect and an evener maintenance of strength than did neostigmine. Side-effects or toxic 
reactions were minimal. Mestinon was effective given either alone or in conjunction with 


sdrine assi ‘traethylpyr sphate. 
ephedrine, potassium, or tetraethylpyrophosphate Aupers, Philadelphia. 


STUDIES IN CEREBROVASCULAR DIsEASE: III. USE oF ANTICOAGULANT DRUGS IN TREATMENT 
oF INSUFFICIENCY OR THROMBOSIS WITHIN THE BASILAR ARTERIAL SysTeEM. C. H. 
MILLIKAN, R. G. SIEKERT, and R. M. Suick, Proc. Staff Meet., Mayo Clin. 30:116, 1955. 


The patients in this series selected for treatment with anticoagulants were carefully chosen. 
Two groups were included: (1) patients (5) with intermittent insufficiency of the basilar system, 
and (2) patients (21) with thrombosis within the basilar arterial system. Each case is briefly 
summarized. Review of the case summaries demonstrates that these patients constitute a special 
group. It is emphasized that patients with acute massive cerebral infarction (patients with the 
ordinary “stroke”) were not treated with anticoagulant drugs. 

During the treatment, in all instances, the attacks suffered by the five patients in the first 
group ceased. Three patients of the second group died, giving a mortality rate of 14% for this 
group. The mortality rate for a group of untreated patients was 43%. 

The length of time anticoagulant drugs should be administered is not known. 

The authors emphasize the fact that the general danger of anticoagulant therapy was care- 
fully assessed in each case, and the use of such treatment sharply limited to specific categories 
of intracranial vascular disease. It is their impression that anticoagulant drugs are indicated in 
the treatment of insufficiency or thrombosis within the basilar artery system as soon as a diag- 
nosis of this type of intracranial vascular disease can be established. 


AvpeErRs, Philadelphia. 


697 


= 
/ 
= 


News and Comment 


PERSONAL NEWS 


New York State Psychiatric Institute —On the afternoon of Thursday, Oct. 27, an oil 
portrait by Soss Melik of Dr. Nolan D. C. Lewis was presented by Commissioner Paul Hoch 
to the New York State Psychiatric Institute in the name of the Department of Mental Hygiene of 
the State of New York. 

Dr. Lewis was for 17 years, until his retirement, in 1953, Director of the Psychiatric Institute 
and Professor of Psychiatry of the College of Physicians and Surgeons. 

Che staff and employees of the Institute, the Directors of the hospitals of the New York 
State Department of Mental Hygiene, and the members of the Department of Psychiatry of 
Columbia University were invited to be present at the reception held in Dr. Lewis’ honor and 
for the presentation of the portrait. 


ANNOUNCEMENTS 


A. M. A. Annual Meeting, Chicago, June 11-15, 1956.—The 105th Annual Meeting 
of the American Medical Association will be held in Chicago, June 11-15, 1956, with a full 
program of lectures, television, motion pictures, and scientific exhibits. 

The lecture program for each Section is prepared by the Section Secretary, and prospective 
participants should communicate as soon as possible with the Secretary of the Section before 
which they hope to read a paper. Application blanks for space in the Scientific Exhibit are now 
available and may be obtained from the Section Representative to the Scientific Exhibit. 
Section on Nervous and Mental Diseases 

Secretary: Karl O. Von Hagen, M.D., 2010 Wilshire Blvd., Los Angeles 57. 

Exhibit Representative: G. Wilse Robinson Jr., M.D., 2625 W. Paseo, Kansas City 8, Mo. 

Additional information may be obtained from the Secretary, Council on Scientific Assembly, 
American Medical Association, 535 N. Dearborn St., Chicago 10. 


GENERAL NEWS 


University of Minnesota Continuation Course.—Neurology will be the subject of a 


Study Feb. 6 to 10, 1956. Intended primarily for physicians in general practice, the program 
will have appeal also to neurologists and neurosurgeons. The most commonly seen neurological 
symptoms and syndromes will be stressed. 

Guest faculty will include Dr. William M. Meacham, Associate Clinical Professor of Surgery, 
Vanderbilt University School of Medicine, Nashville; Dr. Morris B. Bender, Director, neurology 
service, Mount Sinai Hospital, and Professor of Clinical Neurology, New York University 
College of Medicine, New York; Dr. John F. Sullivan, Associate Professor and Head, Depart- 
ment of Neurology, Tufts College Medical School, Boston, and Dr. Oliver H. Lowry, Professor 
and Head, Department of Pharmacology, Washington University School of Medicine, St. Louis. 

rhe course will be presented under the direction of Dr. A. B. Baker, Professor and Director, 
Division of Neurology, and Dr. William T. Peyton, Professor and Director, Division of Neuro- 
surgery, University of Minnesota Medical School. Lodging and meal accommodations are 


available at the Center for Continuation Study 


National Mental Health Act Grants.—The National Institute of Mental Health, Public 
Health Service, U. S. Department of Health, Education, and Welfare, announces Dec. 15, 1955, 
as the closing date for the year beginning July 1, 1956, for filing applications for grants under 
the National Mental Health Act in support of training programs in psychiatry, clinical psychology, 
psychiatric social work, and psychiatric nursing. Applications may also be made by university 
training centers for the support of career teacher programs for the preparation of teaching 


personnel in the mental health disciplines. 
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continuation course to be presented by the University of Minnesota at the Center for Continuation 


NEWS AND COMMENT 


Che deadline date for filing applications for the support of pilot and evaluation studies pro- 
posing new methods of teaching, or evaluation of teaching and training methods in the mental 
health disciplines, is Jan. 15, 1956. 

Application forms and details regarding the types of support available may be obtained from 
the Chief, Training and Standards Branch, National Institute of Mental Health, National 
Institutes of Health, Bethesda 14, Md. 


Western Regional Research Symposium.—In cooperation with the American Psychiatric 
Association, the Department of Psychiatry of the University ot California School of Medicine at 
Los Angeles and the University of California University Extension have announced plans for a 
two-day Western Regional Research symposium on the “Application of Basic Science Techniques 
to Psychiatric Research,” to be held in Los Angeles in January, 1956. 

Norman Q. Brill, M.D.; Donald B. Lindsley, Ph.D., and Charles W. Tidd, M.D., head a 
planning committee for the program on Jan. 26 and 27. Throughout the two-day symposium, 
sessions will be held in Room 2147 of the U. C. L. A. Life Sciences Building. 

The course is open to psychiatrists, psychologists, psychiatric social workers, psychiatric 
nurses and others with the consent of the course chairman, according to Thomas H. Sternberg, 
M.D., assistant Dean for Postgraduate Medical Education at U. C. L. A. The conference will 
convene at 9: 30 on the first morning, with U. C. L. A. Chancellor Raymond B. Allen, M.D.; 
Stafford L. Warren, M.D., Dean of the School of Medicine, and Dr. Sternberg making the 
welcoming remarks. During ensuing sessions topics will include Brain Mechanisms and Behavior, 
Experimental Studies of Psychosomatic Disease, Methods of Blocking Neuroendocrine Mecha- 
nisms, Brain Metabolism, and numerous related subjects. 

Requests for information and registration blanks should be addressed to Dr. Thomas H. 
Sternberg, University of California School of Medicine, Los Angeles 24. Fee for the symposium 
is $3.50, made payable to the Regents of the University of California. A cocktail party at the 


Beverly Hills Hotel for all who attend, including wives, is set for 7 p. m. on Jan. 26 


American Board of Psychiatry and Neurology, Inc.—At the October, 1955, meeting of 
the American Board of Psychiatry and Neurology, Inc., the following requirements were 
adopted 

1. All applicants who wish to qualify for examination for certification in psychiatry or 
neurology under the regulations relating to training credit and who began training on or after 
July 1, 1956, must show that at least 24 months of their residency training have been secured in 
residency training programs approved for at least two years of residency training in the specialty 
in which they seek certification. 

2. Because of an increase of all expenses in conducting the examination, the following fee 
schedule will be in effect as of Jan. 1, 1956: 


(a) Application fee. . .$50.00 

(b) Examination fee. ..$75.00 

(c) Complete reexamination fee. ..$75.00 
(d) Partial reexamination fee. ..$50.00 


American Academy for Cerebral Palsy.—At the meeting of the American Academy for 
Cerebral Palsy, Memphis, Oct. 10, 11, and 12, the following officers were elected for the forth- 
coming year 

Dr. Margaret Jones, president 

University of California Medical Center 
Los Angele S 

Dr. Nicholson J. Eastman, president-elect 
Johns Hopkins Hospital 

Baltimore 

Dr. Robert A. Knight, secretary-treasurer 
869 Madison Ave 

Memphis 


The 1956 meeting will be held in Chicago; the 1957 meeting will be held in New Orleans. 
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A. M. A. ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


New York State Psychiatric Institute.—Dr. Leon Roizin has been appointed Principal 
Research Scientist, Neuropathology, Sept. 16, 1955, at the New York State Psychiatric Institute, 
to succeed Dr. Armando Ferraro who retired last year. 

Dr. I. Herbert Scheinberg has resigned his position as Principal Research Scientist, Internal 
Medicine, as of Oct. 31, 1955, to accept the post of Associate Professor of Medicine at the Albert 
Einstein School of Medicine. 

Dr. Bernard C. Holland has been appointed to fill this post, effective Nov. 1, 1955. 


il 


Books 


What Is Creative Thinking? By Catharine Patrick, Ph.D. Price, $3. Pp. 210. Philosophical 
Library, Inc., 15 E. 40th St., New York, 1955. 


This book is an attempt to collect in one volume the available information now in print about 
creative thinking, in order to provide a comprehensive view and critical evaluation of this mental 
process. There is an extensive bibliography, and a large proportion of the text consists of 
selected quotations. Each chapter is conveniently summarized. 

Steps in creative thinking are delineated and summarized as follows: (1) preparation, with 
deliberate and nondeliberate mental activity, and a feeling of doubt and perplexity; (2) incuba- 
tion, (3) illumination, with spontaneous appearance of a new idea, associated with feelings of 
confidence and pleasure, and (4) verification or revision, associated with a fully conscious 
comparison of the new idea with established ones. 

Psychotic thought and ordinary (normal) reverie are seen as lacking in verification and 
revision. Problems to be solved may be compared to nervous system disequilibrium, with the 
solution providing restoration to the steady state. Creative thinking is seen as the same funda- 
mental process no matter what the field of endeavor may be. 

The author lists favorable conditions for creative thought, including relatively unlimited 
time, adequate information, knowledge of the culture, attention, optimism, sense of humor, 
motivation, appropriate mood, periods of idleness and reverie, relaxation of routine, and a relative 
freedom from rigid habits. She concludes with suggestions for stimulating creative thinking 
in the home and the classroom. 

This volume will be of interest primarily to psychologists, teachers, and students of aesthetics. 


Sexuelle Konstitution. By Helene Stourzh-Anderle. Price, $6.25. Pp. 262. Wilhelm Maudrich, 
Wien, 1955. 


This is the first of a series of the “Vienna Contributions to Research in Sex,” published by 
the recently formed “Austrian Association for Research in Sex” and edited by Dr. W. F. Brix. 
The volume represents a very thorough investigation of this problem, based on 829 literary 
sources, of which 12 are the author’s own. In the chapter entitled “Sexuality,” the author studies 
the hormones and drives, their development in the individual, and their deviations. She con- 
siders a person “intersexual” if in his personality (body and sou!) there coexist separate male 
and female characteristics. In the sexual constitutional types, she characterizes the normal man 
(and the virile woman) as large, bony, and sturdy; the feminine man (and normal woman) as 
medium large, medium fat, and medium sturdy; the infantile man (and the infantile woman) as 
small, delicate, and youthful; the child (and puerile woman) as small and youthful. The para- 
sexuals may be classified under three headings: the intersexuals (feminine men and virile 
women), subsexuals (infantile men and infantile women), and intersubsexuals (feminine-infantile 
men and virile-infantile women). She investigates the role of sexuality in mental illnesses, 
criminality, and genius. At the end, she gives a “sexual” biographical list of persons famous in 
history who were abnormal or maladjusted in their sexual drives or suffered from various 
psychopathological disturbances. The study is exhaustive and is well documented. 
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WESTBROOK SANATORIUM 


7, | private psychiatric hospital em- Staff PAUL V. ANDERSON, MD 
President 
ploying modern diagnostic and treat- REX BLANKINSHIP. MD. 
irector 
ment procedures—clectro shock, in- 


sulin, psychotherapy, occupational and 


ESTABLISHED 1911 


fedical Dir 
JOHN R. SAUNDERS, MD. 
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THOMAS F COATES, MD. 
Associate 


recreational therapy—for nervous and ‘ 
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mental disorders and problems of Associate y 
R. H. CRYTZER, Administrator 
P. O. Box 1514 RICHMOND, VIRGINIA Phone 5-3245 sy al 
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Brochure of Views of our 125-Acre Estate 


Sent on Request 
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“Beverly Farm’ 


INCORPORATED 
Founded 1897 
INCORPORATED 1922 


9 HOME AND SCHOOL FOR 


Nervous and Back- 


ward Children 


11 buildings 

220 acres of land 

300 feet above 
Mississippi River 


Can accommodate 200 children, 
with contemplated educational 
improvements for a larger num- 
ber. Can accept some suitable | 


case for life. 


Address all communications to DR. GROVES B. SMITH, SUPERINTENDENT 


“Beverly Farm” 


GODFREY, MADISON COUNTY, ILLINOIS 


FAIRVIEW 


— 
2828 S. PRAIRIE AVE. 


CHICAGO 
Phone Victory 2-1650 


J. DENNIS FREUND, M.D. 


Medical Director 


DEVOTED TO THE ACTIVE TREATMENT OF 


MENTAL and NERVOUS DISORDERS 


Specializing in Psycho-Therapy, and Physiological therapies 


including: 
@ Insulin Shock @ Electro-Narcosis 
@ Electro-Shock @ Out Patient Shock Therapy 


Available 


ALCOHOLISM Treated by Comprehensive Medical- 
Psychiatric Methods. 


ey 
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HALL-BROOKE 


,. 
An Srealment Sho tilal 


A licensed private hospital devoted to active treatment, analytically- 
oriented psychotherapy, and the various somatic therapies. 

A high ratio of staff to patients. 

Large occupational therapy building with a trained staff offers 
complete facilities for crafts, arts and recreation. Full program of 
outdoor activities. 

Each patient is under constant, daily psychiatric and medical 
supervision. 

Located one hour from New York on 120 acres of Connecticut 
countryside. 


HALL-BROOKE 
Greens Farms, Box 31, Conn., Tel.: Westport, CApital 7-5105 
George S. Hughes, M.D. Robert Isenman, M.D. 
Leo H. Berman, M.D. Blanche Glass, M.A. 
Alfred Berl, M.D. Mrs. Heide F. Bernard and 
Louis J. Micheels, M.D. Samuel Bernard, Administrators 


NEW YORK OFFICE, 46 East 73 Street 
Telephone: Lehigh 5-5155 


AMAL SPECIALTY JOURNALS REACH THE CORE OF SPRCLALIZED 


PRACTICE . . . Subscribe NOW to: 


> A.M.A. Archives of INTERNAL MEDICINE 
A.M.A. Archives of PATHOLOGY 
A.M.A. Archives of OPHTHALMOLOGY 


Write to: 
THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


THE SOUTHARD SCHOOL THE MENNINGER CHILDREN’S CLINIC 


Intensive individual psychotherapy in a resi- § Outpatient psychiatric and neurologic evalua- 
dential school, for children of elementary 
school age with emotional and behavior 
problems. to eighteen years. 


tion and consultation for infants and children 


Department of Child Psychiatry 
THE MENNINGER FOUNDATION 


J. Cotter Hirschberg, M.D., Director Topeka, Kansas; Telephone 3-6494 


e 

+ 

e 


d is for 
demonstration 


D is for 
Devereux Sehools petieve that a “special” 


school’s one and only recom- 
mendation is ability to demon- 
strate results. 


Devereux is proud of the 
results it has already demon- 
strated—through the lives and 
achievements of several thou- 
sand young citizens, who found 
inner peace and rehabilitation 
at a Devereux School. It is 
proud of the results it contin- 
ues to demonstrate today, in 
every single residential board- 
ing school which constitutes a 
Devereux unit. And it antici- 
pates even greater pride in the 
results it will demonstrate 
“tomorrow,” as U. S. research 
and training facilities continue 
to expand rapidly—seeking im- 
proved diagnosis, prognosis, and 
therapy not only for Devereux 
Schools but also for other “‘spe- 
cial” schools, guidance clinics, 
and both public and private 
treatment centers. 


Devereux invites you to visit 
one or more of the schools, as 
well as the central professional 
units on either the East or West 
Coasts. Or, if further informa- 
tion is desired, write 


JOHN M. BARCLAY 
Director of Development 
Devereux Schools 
Devon, Pennsylvania 
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=> THE DEVEREU 


=" Hovereux Sehools 


UNDER THE DEVEREUX FOUNDATION 
Helena T. Devereux, Director 
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Santa Barbara, California Devon, Pennsylvania 
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has responded to ‘Thorazine’ 


The response to “Thorazine’ “‘is 
at times striking and dramatic, 
particularly in psychotic persons 
who have been mute and begin 
to communicate verbally after 
having given up the function for 
periods of 5 to 10 years.” 
Goldman, D.: ].A.M.A. 15§7:1274 
(April 9) 1955. 


‘Thorazine’ Hydrochloride is 
available in tablets, ampuls 
and syrup. 


THORAZINE’ 


Smith, Kline & French Laboratories, 
Philadelphia 1 
*T.M. Reg. ULS. Pat. Off. for S.K.F.’s 


brand of chlorpromazine 
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